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SUMMARY 
The concept of organizational flexibility is explored in the context of the construction 
industry by integrating four predominant perspectives of organizational studies. 
These are: (1) the complex adaptive system perspective; (2) the organizational 
learning perspective; (3) the resource-based view of firms; and (4) the dynamic 
contingency view of firms. The developed theoretical framework postulates that firms 
should manage their flexibility potential, by engaging into a continuous process of 
developing and managing their resources and capabilities, for their continued 
existence.  
 
The aim of this thesis is to investigate the organizational flexibility management of 
construction firms in Singapore. Organizational flexibility is hypothesized as a multi- 
rather than single-dimensional concept. It may be influenced, to varying degrees, by 
six key determinants (i.e., factors): (1) organizational learning culture; (2) 
organizational structure; (3) employees’ skills and behaviour; (4) technological 
capabilities; (5) supply chain capabilities; and (6) business strategies. The research 
method is based on survey. The data collection instrument is a structured 
questionnaire specially designed for this study. Data were collected using a face-to-
face interview approach involving 41 senior executives of large and medium-sized 
construction firms in Singapore.  
 
Based on the data collected, two structural equation models were developed to: (i) 
identify the key dimensions and determinants of organizational flexibility, and (ii) 
examine the effects of inter-relationships among the determinants on the three 
dimensions of organizational flexibility. The results support the view that 
organizational flexibility is a multi-dimensional concept, comprising: (1) operational 
flexibility; (2) tactical flexibility; and (3) strategic flexibility, where individual 
 x 
dimensions have their own configuration of determinants. Of the six determinants, 
employees’ skills and behaviour, supply chain capabilities and business strategies 
are found to have highest positive impacts on firms’ operational flexibility, tactical 
flexibility and strategic flexibility, respectively. Also, it is found that supply chain 
capability is the only determinant that has statistically significant impacts on two 
dimensions of organizational flexibility, i.e., operational and tactical flexibilities.  
 
Three sets of structural models were also developed to examine the moderating 
effects of market and technological conditions on the relationships between the three 
flexibility dimensions and their respective determinants. No moderating effect was 
detected in the results. However, market and technological conditions are found to 
have statistically significant direct impacts on firms’ operational and strategic 
flexibilities, respectively.  
 
It is concluded that construction firms need to develop the right kind and range of 
resources and capabilities to achieve the desired level of flexibility. It is 
recommended that construction firms use the flexibility indices developed by this 
study to ascertain their flexibility potential. The findings may also help contractors to 
attain organizational flexibility and offer managers an insight into different practices 
and organizational attributes in building up their firms’ flexibility potential.  
 xi 
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CHAPTER 1  
INTRODUCTION 
 
1.1 Background  
The complex and dynamic environment, signifying uncertainty in decision-making, is 
a representative type of the environment in the construction industry (Shirazi et al., 
1996). Betts and Ofori (1994:205) observed that the environmental dynamism in 
construction “is growing at an increasing fast pace and is offering proportionately 
greater strategic opportunities with time, while posing significant threats”. In this 
study, environmental dynamism refers to the rate of change, absence of pattern and 
unpredictability of the environment (Dess and Beard, 1984). As a result, contractors 
have to effectively deal with changes in their business environment in order to 
maintain their existence. 
 
In general, the changes in the construction industry can be classified into five 
categories, namely: (i) construction demand (Male, 1991a; Runeson, 2000); (ii) 
intensity of competition (Cox and Thompson, 1997; Cheng et al., 2000); (iii) 
procurement trend (Cartlidge, 2004; Royal Institution of Chartered Surveyors, 2004); 
(iv) clients’ performance criteria of construction services (Winch, 2000; Cartlidge, 
2004); and (v) technological possibilities (Gann, 1994; Gruneberg, 2009). The 
Singapore construction industry, which is the focus of this research, is faced with 
similar changes (Construction 21 Steering Committee, 1999; Ofori et al., 2002; 
Ministry of Finance, 2008), like its counterparts in other countries. 
 
A growing need for organizational flexibility arises from a convergence of the above 
changes in the construction industry. As a result, construction firms have to gain 
flexibility in their endeavours to be adaptive and responsive to changes in the 
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business environment within which they operate. It was Lansley et al. (1979), who in 
their pioneering study on flexibility and efficiency in construction, asserted that 
flexibility and diversity are needed to provide favourable conditions during initial 
stages of firms’ creative process in exploring new strategies for their continued 
existence. They found that flexible contractors in the United Kingdom (UK), who were 
successful in adapting to changing demands of the environment, exhibited a different 
set of characteristics compared with their less successful counterparts. 
 
1.2 Research problem 
The concept of flexibility is not new and has attracted interest from many 
organizational researchers since 1960s, focusing on how companies within the 
manufacturing industry attain flexibility (Ansoff, 1965; Oke, 2005). Flexibility appears 
to be the next strategic weapon in the battlefield of competition (Parker and Wirth, 
1999; Oke, 2005); an attribute contributing to firms’ ability to survive and prosper in a 
turbulent and unpredictable environment (Dreyer and Gronhaug, 2004). Avison et al. 
(1995) added that the feature of being flexible has become so vital that it may take a 
central role as an organization’s critical success factor.  
 
Although the use of the term ‘flexibility’ is ubiquitous, its meaning is not always clear 
(Evans, 1991; Golden and Powell, 2000). Boyle (2006) expressed that it is not easy 
to understand, implement and manage organizational flexibility because flexibility is 
not general and cannot be simply purchased and plugged into any firm’s operations.  
As a result, it becomes essential for firms to recognize the nature and constitution of 
flexibility and the determinants of achieving flexibility, if the potential benefits of being 
flexible are to be fully realized (Koste and Malhotra, 1999).  
 
 3 
Many studies highlighted that flexibility is an integrative multi-dimensional rather than 
single-dimensional concept that can be defined and measured in isolation, especially 
in the manufacturing literature where flexibility management is commonly called 
manufacturing flexibility (Slack, 1987; Beach et al., 2000). Researchers have 
attempted to operationalize organizational flexibility into different dimensions 
(Carlsson, 1992; Volberda, 1997; Koste and Malhotra, 1999), and to identify the 
flexibility types (Sethi and Sethi, 1990; Upton, 1994). However, Oke (2005) and 
Beach et al. (2000) noted that there is a lack of widely accepted means for assessing 
organizational flexibility, considering the broad range of measures available. These 
measures are considered either as flexibility dimensions and/or flexibility types in 
manufacturing-related studies. The review of literature revealed that the identified 
flexibility dimensions and types could be streamlined and classified into three 
categories of flexibility dimensions, namely: (i) operational flexibility; (ii) tactical 
flexibility; and (iii) strategic flexibility, and 15 flexibility types, respectively (see 
Sections 3.6.1 and 3.6.2).  
 
In construction, although there have been studies done on flexibility management 
(see Section 2.6 for a review of construction-related literature), it appears that the 
concept of flexibility is not well-understood. Many studies (Handa and Adas, 1996; 
Walker and Loosemore, 2003) considered organizational flexibility as a single-
dimensional rather than a multi-dimensional concept comprising different flexibility 
dimensions and types, as found in manufacturing-related studies. This raises the 
question of “what are the key dimensions and types of flexibility in construction 
business?” Construction firms may not adopt manufacturing flexibility because of the 
stark differences between the construction and manufacturing industries. These 
differences comprise: (i) production process; (ii) marketing services; and (iii) 
workforce management (see Section 2.2).  
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Next, it appears that little empirical research has been done to examine the collective 
effect of different organizational attributes on flexibility. Many construction-related 
studies specifically examined the influence of individual organizational attributes 
towards achieving flexibility. The organizational attributes involve: (i) human resource 
(Lansley et al., 1979; Ofori and Debrah, 1998); (ii) organisational structure and 
management style (Lansley, 1983; 1987; Handas and Adas, 1996); (iii) information 
and process technologies (Betts, 1991; Ekstrom and Bjornsson, 2005; Gil et al., 
2005); and (iv) organizational culture (Walker and Loosemore, 2003). These 
identified organizational attributes are labelled as determinants (see definition in 
Section 1.5) and are, to some extent, similar to those identified in manufacturing-
related studies (see Section 3.7); where two additional determinants are included: 
supply chain capability and business strategy. Each of these is reviewed in Chapter 
4.  
 
In view of the above scenario, this study argues that it is important to examine the 
identified determinants as a group (rather than individualized effectors) and as 
matters of the extent (rather than either/or phenomena) to which they influence 
organizational flexibility (following Pugh and Hickson, 2007). This is because there 
appears to be no single explanation of how an organization gains flexibility; what 
influences the organization could be due to the collective effect of several possible 
determinants, each posing certain degrees of influences towards achieving 
organizational flexibility. Also, some of the determinants could be used to examine 
the behaviour of other determinants on organizational flexibility, for example, how an 
organization’s culture influences the behaviour of its employees, and in turn, how the 
resultant shapes the organization’s flexibility potential. Accordingly, a multivariate 
causal approach is necessary to address the following questions: 
1. “What are the key determinants of organizational flexibility in construction 
business”? and  
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2. “How do the key determinants of organizational flexibility interrelate among 
each other towards achieving organizational flexibility?” 
 
1.3 Knowledge gap 
Hitherto, few studies have been done on the organizational flexibility of construction 
firms in the context of Singapore. Debrah and Ofori (1997) and Ofori and Debrah 
(1998) are the two closest studies done on flexibility. Both studies focused on the 
labour flexibility aspect of firms, exploring the nature of the employment systems, 
strategies and structures, and the application of the flexible firm model in the 
Singapore construction industry. The flexible firm model focuses on the core-
periphery strategy of labour utilization, segregating an entire workforce into 
permanent (i.e., core) and temporary (i.e., periphery) bases where the later acts as a 
buffer against fluctuation in demand (see Section 2.6.1.1 for further discussion of 
these two studies).  
 
Although the aforementioned studies did examine the human aspect of flexibility, 
they did not consider: (i) the aspect of how employees’ behaviour and skills could 
contribute to a firm’s flexibility potential, and (ii) the effect of other determinants (for 
example, organizational cultures and structures) on the firm’s flexibility. Previous 
studies thus offered merely an insight into the heavy reliance of Singapore 
construction firms on casual workers (i.e., labour subcontracting) for better 
competitiveness. The gap in knowledge is that there is no comprehensive view of 
how construction firms could achieve flexibility in Singapore. Details are discussed in 
Section 2.6.2. 
 
Next, considering the impact of the 1997-2005 period of continuous decline within the 
Singapore construction industry, no study has been done to examine the flexible 
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behaviour of construction firms in response to the eight long years of unprecedented 
economic downturn. While many firms have gone out of business, others have 
survived the long downturn. The gap in knowledge is that it is not known if they have 
ingrained a considerable degree of flexibility capacity. These firms’ organizational 
attributes and their adopted practices in managing the attributes are also not known. 
Details are discussed in Section 2.5. 
 
Based on the knowledge gaps identified, fieldwork was conducted to investigate the 
flexible behaviour of Singapore construction firms that survived the long economic 
downturn, in terms of their organizational attributes; how they responded to changes 
in the construction industry, from the periods 1997 – 2007. The aim and objectives 
are discussed next.  
 
1.4 Research aim and objectives 
The aim of this study is to investigate the organizational flexibility management of 
construction firms in Singapore. The specific objectives are to: 
 
1. develop and test a conceptual framework for organizational flexibility in 
construction firms;  
2. identify the key determinants of organization flexibility in construction firms; 
3. investigate the effects of inter-relationships among the key determinants on 
organizational flexibility dimensions;   
4. investigate the moderating effects of market and technological conditions on the 
relationships between the determinants and organizational flexibility dimensions; 
and  
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5. design and test flexibility indices that measure construction firms’ flexibility 
potential.  
 
1.5 Definition of terms 
Major terms of this study are defined as below. 
 
(i) Organizational flexibility (Y) 
In this study, organizational flexibility is the predicted construct or dependent 
variable, Y. It is characterized by three dimensions, namely: (i) operational flexibility 
(YOF); (ii) tactical flexibility (YTF); and (iii) strategic flexibility (YSF), which could be 
operationalized into 15 flexibility types. Each of these dimensions could be influenced 
by several determinants.  
 
(ii) Determinants (X) 
This study defined determinants as the enablers or factors that contribute to the 
attainment of organizational flexibility. Determinants are the predictor constructs or 
independent variables, X, comprising: (i) organizational learning culture (X1); (ii) 
organizational structure (X2); (iii) employees’ skills and behaviour (X3); (iv) 
technological capabilities (X4); (v) supply chain capabilities (X5); and (vi) business 
strategies (X6). These are further operationalized into respective blocks of 
measurement items.  
 
(iii)  Measurement items 
Measurement items are the observed variables or items that are used to assess or 
measure the value of its respective constructs, which could be of single-dimensional 




(iv) Construction firms 
Construction firms, also variously termed as contractors, contracting firm, main 
contractors, general contractors are considered synonymous in this study. 
 
1.6 Research hypotheses 
Nineteen hypotheses for empirical investigation are set out below. 
 
H1: Organizational flexibility (Y) can be characterized by three dimensions: (i) 
operational flexibility (YOF); (ii) tactical flexibility (YTF); and (iii) strategic flexibility 
(YSF). 
This hypothesis is related to the dimensionality of the organizational flexibility 
concept. The implication of this hypothesis is that organizational flexibility is a multi-
dimensional rather than a single-dimensional concept.  
 
In examining the effects of inter-relationships among the six determinants on 
organizational flexibility, the following hypotheses were developed (see Chapter 4).  
H2:  Organizational learning culture (X1) has a significant direct impact on 
organizational structure (X2). 
H3:  Organizational learning culture (X1) has a significant direct impact on 
employees’ skills and behaviour (X3). 
H4:  Organizational learning culture (X1) has a significant direct impact on 
technological capabilities (X4). 
H5:  Organizational learning culture (X1) has a significant direct impact on business 
strategies (X6). 
H6:  Organizational structure (X2) has a significant direct impact on business 
strategies (X6). 
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H7:  Organizational structure (X2) has a significant direct impact on organizational 
flexibility (Y). 
H8:  Employees’ skills and behaviour (X3) have a significant direct impact on 
technological capabilities (X4).  
H9:  Employees’ skills and behaviour (X3) have a significant direct impact on supply 
chain capabilities (X5). 
H10:  Employees’ skills and behaviour (X3) have a significant direct impact on 
business strategies (X6).  
H11:  Employees’ skills and behaviour (X3) have a significant direct impact on 
organizational flexibility (Y). 
H12:  Technological capabilities (X4) have a significant direct impact on 
organizational structure (X2).  
H13:  Technological capabilities (X4) have a significant direct impact on supply chain 
capabilities (X5).  
H14:  Technological capabilities (X4) have a significant direct impact on business 
strategies (X6). 
H15:  Technological capabilities (X4) have a significant direct impact on 
organizational flexibility (Y).   
H16:  Supply chain capabilities (X5) have a significant direct impact on business 
strategies (X6).  
H17:  Supply chain capabilities (X5) have a significant direct impact on organizational 
flexibility (Y).  
H18:  Business strategies (X6) have a significant direct impact on organizational 
flexibility (Y). 
 
The last hypothesis developed focuses on the environmental conditions, key 
determinants and organizational flexibility: 
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H19: Market and technological conditions moderate the relationships between the key 
determinants and organizational flexibility. 
 
This last hypothesis may be regarded as supported if the market and technological 
conditions are found to have statistically significant moderating effects on the 
relationships between the key determinants and organizational flexibility.  
 
1.7 Scope of research 
There are several factors that enhance the performance of organizations. These 
include capable leadership, offering differentiated product or service, effective 
knowledge management and being flexible. This study focuses on contractors’ 
organizational flexibility (see definition in Section 1.5) in a changing environment, but 
does not claim that it is the panacea to achieve business success.  
 
Studies have defined construction business in different ways (Hillebrandt and 
Cannon, 1990; Ive and Gruneberg, 2000): (i) general contracting; (ii) house building; 
(iii) plant hire; (iv) material production; (v) mining; (vi) property development; and (vii) 
property investment.  However, it is beyond the scope of this research to cover all 
categories of construction business. The focus here is on general contracting 
operations of construction firms in Singapore.   
 
Next, although the business environment within which contractors operate may be 
fuelled by various forces (for example, political, economic, social and technological 
forces), this research only focuses on how construction firms achieve organizational 
flexibility in response to the economic and technological changes. Political and social 
forces are not studied because of the relative social and political stability in 
Singapore (see Section 2.5). 
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Lastly, the focus of this research is on the flexibility of general contracting operations 
of construction firms in Singapore, and not on other categories of construction 
business (for example, plant hire, property development and investment). The 
targeted groups of large and medium-sized general building contractors (i.e., Groups 
A1, A2 and B1) were selected from the Singapore Building Construction Authority 
(BCA) 2007 Contractor Registry. Through the pilot study and archival searches, other 
groupings (i.e., B2, C1 and C2) were found to be unsuitable for this research 
because: (i) they are small firms that tend to work as subcontractors to large 
contractors and have small contract award values, and (ii) they tend to bid for small 
repair and maintenance works only. This group of contractors may not exhibit various 
flexibility management practices on a comprehensive scale. Likewise, it was found 
that some of these small firms are subsidiaries of large construction firms, which 
reside in the targeted groups. Therefore, these groups of small-sized contractors 
were excluded in this research.  
 
1.8 Research method 
With reference to the research objectives stated in Section 1.4, this research 
employed a survey research design owing to its abilities to provide a relatively quick 
and efficient method to: (i) obtain information from the targeted sample, and (ii) 
generalize the research findings based on the sample involved (Robson, 2002; Yin, 
2003). This research was conducted in three phases, namely: (i) exploratory phase; 
(ii) questionnaire development phase; and (iii) data collection and analysis phase, 
which combined both the qualitative and quantitative approaches. This combination 
capitalizes on the strengths and complements the weaknesses of each approach, 
and thus provides a synergistic research design. Survey data were collected mainly 
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via face-to-face interviews with targeted respondents at different phases of the study. 
Details of the research method are discussed in Chapter 5. 
 
The data were analyzed using SmartPLS2.0 M3 statistical software. Using structural 
equation modelling (SEM) Partial Least Square (PLS) approach, two models were 
specified. The first PLS model (PLS M1) seeks to identify the key determinants and 
dimensions of organizational flexibility. The second PLS model (PLS M2) examines 
the effects of inter-relationships among the key determinants on organizational 
flexibility (see Section 6.4.2 for the specification of the two PLS models).  
 
Following this, a model validation exercise was conducted to examine the robustness 
and accuracy of the developed mathematical models. Details of the validation 
process are discussed in Chapter 9.  
  
1.9 Research significance 
This research contributes to knowledge by investigating the potential application of 
organizational flexibility management in the context of the construction industry. The 
research significance is realized by its theoretical, practical and methodological 
significance discussed below. 
 
1.9.1 Theoretical significance 
Firstly, this research developed a broad but potentially powerful theoretical 
framework for studying organizational flexibility by integrating four perspectives of 
organizational studies (see Sections 3.8 and 3.9). These are: (i) the dynamic 
contingency view of firms (Child, 1972); (ii) the organizational learning perspective 
(Cyert and March, 1963); (iii) the resource-based view of firms (Penrose, 1959); and 
(iv) the complex adaptive system perspective (Prigogine and Stengers, 1984). 
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Hitherto, it appears to be the first empirical research, which integrated the unique 
characteristics of the construction industry with these perspectives of organizational 
studies in finding ways to attain organizational flexibility. These four theoretical 
perspectives on the organization-environment relations were integrated to collectively 
explain how contractors behave, learn, adapt, compete and evolve in response to 
changes in the business environment within which they operate.  
 
Secondly, it filled the gap in the flexibility-related studies in the construction 
management literature by defining: (i) the concept of flexibility; (ii) the dimensions of 
organizational flexibility; and (iii) the constituents of key determinants of 
organizational flexibility. Although there are many mainstream organizational studies 
on flexibility, few studies have systematically investigated the conceptualization and 
measurement of the flexibility concept, and few have taken them together and tried to 
integrate them into one comprehensive model to investigate the relevance of 
flexibility within the context of the construction industry. This study followed a 
contextualization-then-re-contextualization procedure (see Figure 3.1) for developing 
a generic taxonomy for assessing construction firms’ flexibility from an integrative 
multi-dimensional perspective. As a result, a conceptual framework of organizational 
flexibility in construction business was developed by integrating the flexibility types 
and flexibility dimensions, and the key determinants of organizational flexibility (see 
Figure 3.3). This provides a general framework on the functioning of organizational 
flexibility, offering guidance to researchers and practitioners for discovering 
alternative means of exploiting opportunities for gaining flexibility in construction 
business management.  
 
Lastly, it explored the inter-relationships among construction firms’ resources, 
capabilities and strategies (which are labelled as determinants in this study). As 
highlighted Section 1.2, construction-related studies on flexibility have focused on the 
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effects of individual organizational attributes on organizational flexibility, and less has 
been done to investigate the inter-relationships among the key determinants towards 
the attainment of organizational flexibility. For example, (i) what are kinds of 
determinants that firms should focus on in their attempt to achieve superiority in 
different dimensions of organizational flexibility such as strategic flexibility and 
tactical flexibility, and (ii) how the inter-relationships among different key 
determinants would impact on the different dimensions of organizational flexibility, 
are questions which have not yet been addressed in the construction management 
literature. The identified inter-relationships provide a useful insight into the 
functioning of firms’ resources, capabilities and strategies in attaining organizational 
flexibility. 
 
1.9.2 Practical significance 
This research is also of practical significance. The findings provide an empirical 
understanding of what kinds of resources and capabilities construction firms actually 
accumulate, and how these valuable resources help firms to respond flexibly to the 
changes in the business environment within which they operate. It also offers the 
industry practitioners in-depth insight into different flexibility building practices and 
their roles in determining firms’ flexibility potential. For firms that struggle to remain 
competitive and viable in a changing business environment, flexibility building 
practices are of special importance.  
 
1.9.3 Methodological significance  
The methodological significance of this research is related to the application of 
structural equation model (SEM) building and the moderating effect testing by using 
the PLS approach (a component-based SEM). The SEM modelling technique is 
characterized by its abilities: (i) to predict multiple and interdependent relationships 
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simultaneously, and (ii) to assess unobservable concepts (i.e., constructs or latent 
variables) in the presence of interdependent relationships without being 
contaminated by measurement errors (Hair et al., 1998; Dilalla, 2000). Although it 
has been widely used in social and behavioural research for developing and testing 
theories, its application in construction management is hitherto limited. The chosen 
PLS approach, as implemented in SmartPLS2.0 M3 statistical software in this study, 
does demonstrate its potential application in construction management research, 
especially for exploratory studies oriented towards predictive applications (Chin et al., 
2003). Moreover, the ability of the PLS method to handle the two complex PLS 
models in this study with more than 10 constructs and approximately 70 
measurement items is also of methodological significance. 
 
1.10 Structure of the thesis 
This thesis is structured into three parts. Part One, Chapters 1 to 4, presents the 
background of this research and reviews the literature. Part Two, Chapters 5 to 9, 
contains the research design and empirical findings. Part Three, Chapter 10, 
summarizes and concludes the work. 
 
Chapter 2 explores the need and possibilities for flexibility in construction firms in 
view of the changes in the construction industry. It describes the changes within the 
business environment of construction firms, and subsequently provides a discussion 
concerning the changes within the Singapore construction market that lead to the 
growing need and opportunities for flexibility in construction firms.  
 
Chapter 3 contains a literature review on the concept and definitions of flexibility, and 
the definition of organizational flexibility formulated for this study. It also discusses 
the other defining features, multi-dimensionality and key determinants of 
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organizational flexibility, and presents a theoretical framework of organizational 
flexibility in construction business that involves three dimensions and 15 flexibility 
types, which could be influenced by six key determinants. Four predominant 
theoretical perspectives of organizational studies are used to underpin the theoretical 
framework. Following this, Chapter 4 discusses the operationalization of the six key 
determinants of organizational flexibility and development of the research 
hypotheses. 
 
Chapter 5 describes the research process along with the data collection techniques, 
using the survey research design. The three phases of the research process, 
namely: (i) exploratory phase; (ii) questionnaire development phase; and (iii) data 
collection and analysis phase, that combined both the qualitative and quantitative 
approaches, are discussed. The sample data, the statistical modelling techniques 
chosen for the data analysis – the PLS approach, and the specified PLS models are 
explained in Chapter 6.  
 
The empirical results of the construct validation processes, both classical and 
contemporary, that provide the confidence of reliability and validity of constructs (i.e., 
measurement models of the two specified PLS models) are presented in Chapter 7. 
Before proceeding to reporting the results, it examines the sample profile of 
interviewees and response rate in an attempt to establish the trustworthiness of the 
sample data. Chapter 8 focuses on the development and evaluation of the 
corresponding structural models of the two specified PLS models. Three sets of 
moderated structural models are also presented to examine the moderating effects of 
market and technological conditions on the relationships between the key 
determinants and organizational flexibility. 
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Chapter 9 discusses the model application and validation of the developed PLS 
models. Finally, a summary of the research findings and the results of the research 
hypotheses testing are presented in Chapter 10. This is followed by a discussion of 
the theoretical and practical contributions of this research, and the research 




















CHAPTER 2  
THE BUSINESS ENVIRONMENT OF CONSTRUCTION FIRMS 
 
2.1 Introduction 
This chapter starts with an overview of the construction industry (Section 2.2), 
construction firms and their business environment (Section 2.3). This is followed by a 
description of changes within the business environment of construction firms (Section 
2.4). The subsequent sections focus on the changes in the Singapore construction 
industry (Section 2.5) and the need for flexibility (Section 2.6).  
 
2.2 Nature of the construction industry 
The construction industry has been recognized as an important sector of a nation’s 
economy, both in terms of its sizeable contribution to the total output of a nation and 
the number of workers employed by the industry (Hillebrandt, 2000). The industry’s 
products are seen as investment goods that are produced, not only for their own 
sake, but on account of the goods and services which they can create or help to 
create (Ofori, 1990; Hillebrandt, 2000). Therefore, satisfactory performance of the 
industry is vital for the well-being of any economy considering the industry’s effect on 
the production of other interrelated sectors such as the manufacturing and services 
industries. 
 
In characterizing the construction industry, nine features were proposed by Ofori 
(1990).  These are: (i) the large size; (ii) the influence of government as a client; (iii) 
the high production cost; (iv) the unique nature of demand; (v) the unattractive nature 
of work; (vi) the wide range of technologies; (vii) the temporary and multi-disciplinary 
collaborative nature of organizations; (viii) the lengthy production process; and (ix) 
the complex structure of the industry. It appears that these features can be broadly 
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classified into Hillebrandt’s (2000) four-characteristic taxonomy: (i) the physical 
nature of the project; (ii) the structure of the industry together with the organization of 
the construction process; (iii) the determinants of demand; and (iv) the method of 
price determination. 
 
However, Towill (2001) expressed that there is no single characteristic which is 
unique to the construction industry. According to Ive and Gruneberg (2000), many 
individual characteristics of the construction industry can be found in at least one 
other sector of the economy. For example, the dependence of the construction 
industry on climate conditions is similar to the agriculture industry, and also like the 
film industry, the product of the construction industry is of temporary and one-off 
nature. In fact, it is this particular unification of characteristics, which are separately 
shared by other industries, that made construction processes distinctive and justified 
the industry status (Ive and Gruneberg, 2000; Towill, 2001).  
 
Lim and Low (1992) compared the nature of construction and manufacturing, and 
pointed out that there are fundamental differences between these two industries. 
First, the marketing of construction services and manufactured products is quite 
different; whereby the former is intangible in which clients have little opportunity to 
appreciate the end products until they have been constructed.  Second, building 
clients are often involved and have considerable influence on the design and 
construction process, whereas general buyers of manufactured products seldom 
have access to the manufacturing facilities and influence on the product production 
process. Third, unlike the manufacturing of products, each construction project is 
unqiue and discrete (in terms of design, use and location), which involves 
establishment of temporary multi-disciplinary organizations comprising teams of 
professionals who operate independently and interdependently all others at different 
construction stages. Fourth, the nature of construction is considerably dependent on 
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site conditions (for example, type of soil and contour of land), and thus leading to 
uncertainty in decision-making and planning. However, this scenario is less 
applicable in manufacturing, whereby the production process is almost invariably 
conducted in a factory under conditions of certainty (Lim and Low, 1992).   
 
The review above shows that construction is a unique and complex industry involving 
transient players and where clients have considerable influence in the design and 
construction process. Also, the products of the construction industry are often 
constructed under uncertain conditions, whereby the ability to make decisions on 
non-routine events becomes important.   
 
2.3 Construction firms and their business environment 
The characteristics of construction firms and their business environment are now 
discussed.  
 
2.3.1 Construction firms 
A firm, in general terms, is “an organization that brings together different factors of 
production, such as labour, land and capital, to produce a product or service which it 
is hoped can be sold for a profit” (Myers, 2004:89). This agrees with Robben (1983), 
who considered an organization as the planned coordination of collective activities of 
a group of people seeking to achieve a common goal or set of goals. Translating into 
the context of construction, Runeson and Skitmore (1999:286) expressed that 
contractors sell “their skills to assemble buildings; the management services 
necessary to combine manpower, machinery and material into new buildings”. Thus, 
the output of construction firms can be seen as a service rather than a product 
(Hillebrandt, 2000). At this point, it appears necessary to clarify that terms like 
‘construction firms’, ‘contractors’, ‘contracting firms’, ‘main contractors’, ‘general 
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contractors’ and ‘prime contractors’ are considered synonymous in this study, and 
used interchangeably.  
 
The type of ownership in construction firms may take several forms, ranging from a 
one-man enterprise to a public listed construction company. Typically, construction 
firms are quite small with small capital expenditure since their equipment is often 
leased or hired (Dulaimi and Hong, 2002). For example, more than 90% of the 2509 
companies registered under the general building projects section of the Singapore 
Building and Construction Authority’s (BCA) Contractors Registry are only eligible to 
undertake building projects with the value of less than S$5 million. Of these 
contractors, 82% (1887 out of 2276 contractors) can only undertake work of up to 
S$750,000 (BCA, 2008a). This group of small-sized contractors usually undertake 
small repair and maintenance works only, or operate in a subordinate productive role 
to large-sized contractors who normally obtain their works through competitive 
tendering from private or public sector clients (Loosemore et al., 2003). In some 
cases, owing to their established reputation and past relationship with clients, some 
large-sized contractors become the preferred contractors of some private sector 
clients, thus gaining privileged access to private sector projects. This may explain 
why reputation and relationship have been identified as the key critical factors for 
increased firms’ competitiveness (Hillebrandt et al., 1995; Green et al., 2008).  
 
According to Hillebrandt (2000), even in the case where the product of the 
construction industry is seen as a service, the product within individual construction 
markets is not completely homogeneous. This is because different specialist firms, 
possessing different productive skills and management expertise, are required to 
assemble different types of construction work. In line with this, Gruneberg and Ive 
(2000) classified construction firms, based on their specialization, under four 
dimensions. They are: (i) the customer; (ii) the technology for final product; (iii) the 
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transaction type; and (iv) the project size and complexity. For example, some 
construction firms practise specialization according to their customers rather than 
products with a defined base of major customers, say, to work for the public sector 
clients only.  
 
2.3.2 Business environment 
According to Hillebrandt et al. (1995), the behaviour of construction firms is strongly 
influenced by the environment within which they operate; “first the overall economic 
and political conditions and secondly the state of the construction industry and the 
nature of demands being made upon it” (p.3). Newcombe (1990a) and Lansley et al. 
(1979) classified the environment within which UK contractors operate into: (i) the 
national environment concerning the governmental policies and laws, the influence of 
professional institutions and trade unions, and the economic, technological and 
societal changes, and (ii) the competitive environment concerning the availability of 
finance, plant, labour and management, the relationships with suppliers, 
subcontractors, consultants and clients, and the degree of rivalry among competitors.  
 
Betts and Ofori (1994) observed that the environment in which construction firms 
operate is increasingly influenced by: (i) economic factors; (ii) technological factors; 
(iii) social factors; and (iv) the industry’s development towards the information age. 
This observation is supported by Hillebrandt et al. (1995), who identified five 
environmental factors shaping the competitiveness of the construction industry. They 
are: (i) economic and industrial factors; (ii) government policies; (iii) social and 
technological changes; (iv) external influences; and (v) the industry’s evolution.  
 
Duncan (1972), an organizational theorist, developed a model focusing on the 
prediction of the kinds of environments in which different levels of perceived 
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uncertainty are expected to exist. Two environmental dimensions are identified and 
represented along the two continuums of simple-complex and static-dynamic. The 
simple-complex deals with the extent to which factors in the decision environments 
are few in number and similar in nature or are many and different, i.e., the degree of 
complexity in the environment. The static-dynamic refers to the extent to which 
factors in the decision environments remain basically the same over time or are in a 
continual process of change, i.e., the degree of stability in the environment. Based on 
this format, Duncan (1972) offered a four-way classification of organizational 
environments, which are arranged in an ascending order of perceived uncertainty in 
decision-making as follows: (i) simple-static; (ii) complex-static; (iii) simple-dynamic; 
and (iv) complex-dynamic.  
 
In applying Duncan’s (1972) model of organizational environment into the context of 
the construction industry, Shirazi et al. (1996) identified that the complex-dynamic 
environment, signifying the greatest amount of uncertainty in decision-making, is the 
most representative type of environment in the industry. This means that contractors 
are likely to deal with rapid changes and unanticipated decision situations in their 
business activities. This agrees with Hughes (1989), who noted that the ideal state of 
the environment, characterized as stable, certain, simple, and easy, is rare in down-
to-earth situations based on his study on the Jamaican and UK construction 
industries.  
 
In the case of the UK construction industry, the environmental dynamism and 
contractors’ responses within different operating environments during the periods of 
1960s to 1980s and 1986 to 1993 were investigated by Lansley (1987) and 
Hillebrandt et al. (1995), respectively. In this case, environmental dynamism refers to 
the rate of change, absence of pattern and unpredictability of the environment (Dess 
and Beard, 1984). Lansley (1987) found that UK construction firms implemented 
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different corporate strategies in response to different level of environmental changes; 
shifting from the focus on internal efficiency and specialization in the 1960s to the 
emphasis on flexibility in the 1970s and subsequently, to restructuring and 
streamlining of business operations in the 1980s. Similarly, Hillebrandt et al. (1995) 
noted the following major changes in contractors’ strategies from the periods 1986 to 
1993: (i) greater concentration on core businesses; (ii) greater focus on balance 
sheets matters compared with profits and cash flow and greater financial sensitivity; 
(iii) greater attention to marketing strategies; (iv) greater focus on international 
markets; (v) tightening of organizational structure; and (vi) continued reduction of 
permanent employees.   
 
In the context of the United States (US) construction industry, Kale and Arditi (2003) 
examined the relationship between a construction firm’s performance and its 
environment, which is considerably fuelled by competitive and institutional forces. 
They found that the performance of US construction firms is significantly affected by 
the industry’s competitive forces, but not the institutional forces, and added that 
construction firms need to differentiate themselves from their closest rivals in order to 
remain viable. Some suggested differentiation strategies include: (i) providing high 
quality in finished products; (ii) offering a high quality contracting service; (iii) 
minimizing operational costs and administrative overheads; and (iv) introducing 
innovative approaches to financing techniques, administrative procedures, 
construction processes and methods.  
 
According to Betts and Ofori (1994:205), the environmental dynamism in construction 
“is growing at an increasing fast pace and is offering proportionately greater strategic 
opportunities with time, while posing significant threats”. It appears that, if 
construction firms are not able to effectively deal with dynamism in their business 
environment, they could soon undergo difficulties that might jeopardize their 
 25 
continued existence. This phenomenon is attested in Singapore’s construction 
industry, especially during the last decade, 1997 to 2007. Figure 1 shows the number 
of construction company cessations during 1996-2007.  The term ‘cessation’ is 
defined as a company that had ceased operations, or been struck off, liquidated and 
dissolved during the reference year (Department of Statistics, 2007). 
 
 
NB: (%) denotes the percentage of construction firm cessations with reference to the total population of 
construction firms for the respective year 
 
Figure 2.1 Number of construction firm cessation 
Source: Data were taken from the Department of Statistics (1998; 1999; 2001; 2007; 
2008a) 
 
Figure 2.1 shows that the number of construction firm cessations generally follows an 
increasing trend, ranging from 205 cases in 1997 to 629 cases in 2007, as compared 
to 1996. During the periods 1997 - 2007, many large-sized contractors (for example, 
Econ Corporation, Neo Corporation and Wan Soon Construction) had gone into 
liquidation (The Business Times, 2004; The Straits Times, 2006). The fluctuation in 
cessation cases can be explained in relation to the state of the Singapore 
construction industry discussed in Section 2.5.   
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The above reveals that the behaviour of construction firms is influenced by several 
environmental factors within a nation’s construction industry and that, with the 
increasing level of environmental dynamism, construction firms are facing a 
fundamental management challenge in their endeavours to remain viable. They need 
to gain flexibility in their endeavours to be adaptive and responsive to changes within 
the business environment (see Section 2.6 for further discussion). Also, it appears 
that the business environment moderates the behaviour of construction firms as they 
attempt to achieve flexibility for their continued existence. As such, it is important for 
contractors to understand the types of change in their business environment and how 
these changes could affect their business operations.   
 
2.4 Changes in the business environment of construction firms 
In this section, the types of change taking place within the business environment of 
construction firms are discussed under the following headings: (i) construction 
demand; (ii) intensity of competition; (iii) procurement trend; (iv) clients’ performance 
criteria of construction services; and (v) technological possibilities. Although each 
change or a combination of changes in the business environment of the construction 
industry may have different impacts on individual contractors, it is believed that 
contractors have to adequately respond to each relevant change in order to stay 
viable.  
 
2.4.1 Construction demand 
One of the market characteristics for construction services is the rapid changes in 
demand. According to Runeson (2000), changes in construction demand may, in 
some instances, exceed 10% per year for the industry as a whole. As for individual 
markets, the variation may be even more substantial, exceeding 50% per year. 
Gruneberg (2009) pointed out that rapid changes in construction demand of a nation 
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could be due to major changes in its economic, political, demographic, technological 
and environmental conditions.  
 
Fluctuation in construction demand is cyclical and a construction (or building) cycle is 
defined as “the period between two successive peaks or troughs in the total volume 
of construction” (Ofori, 1990; 49). Construction demand is subject to periods of 
contraction (i.e., recession) and expansion (i.e., boom), which are linking the wider 
economic activity of a nation (Ive and Gruneberg, 2000; Hillebrandt, 2000).  
 
Studies demonstrated that building and economic cycles are closely interrelated. Bon 
(1989) related building cycles to economic cycles, discussing the effect of economic 
cycles on building cycles. He noted that individual building cycles could differ in terms 
of their pattern and intensity since influencing factors of each cycle may vary over 
time. This observation is shared by Ive and Gruneberg (2000), who pointed out that 
individual cycles could be of highly variable amplitude. According to them, sometimes 
the downward part of each cycle is dwarfed by the recovery comprising many fewer 
quarters of contraction than of expansion, whereas at times, the period of contraction 
may be longer than or similar in length to the period of recovery. They compared both 
the economic and construction cycles between the periods 1950 - 1973 and those 
since 1973, and found that: (i) the contraction and expansion amplitudes in the UK 
construction industry have increased; (ii) the size of contractions has been greater 
than the size of expansions; and (iii) the construction cycles have shown greater 
amplitude than the economic cycles. Also, Bon (1989) and Snyman (2009) noted that 
the amplitude of fluctuations in construction exceeds the fluctuations in the 
manufacturing and services industries of any economy.  
 
According to Loosemore et al. (2003), the cycles of peaks and troughs in 
construction demand cause problems to contractors in their human resource 
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management strategies. For example, the cyclical nature makes retaining their 
directly employed workforce and making long-term investment in their core 
professional staff difficult. Likewise, Ive and Gruneberg (2000) and Hillebrandt and 
Cannon (1990) recognized that the demand fluctuation in construction is one of the 
main difficulties facing contractors in their strategic planning for resource utilization 
and investment. Ive and Gruneberg (2000) pointed out that, if a firm cannot predict 
demand accurately, the firm needs to be flexible in response to any change in its 
business environment. It is because fluctuations in demand will directly affect a firm’s 
cost inputs and tender prices for construction projects, and in turn, influence its 
project profitability (Snyman, 2009). 
   
Male (1991a) noted that there can be significant problems associated with 
forecasting construction demand, on account of the influences of government as a 
major client of the industry. Finkel (1997) and Hillebrandt (2000) highlighted that 
every aspect of the construction industry is, to some extent, influenced by the 
government. For example, safety, training and employment are each entangled with 
the public sector expenditures on the construction industry services, and also, 
government financial regulations, such as its fiscal aspects of housing and capital 
spending, building grants and loans, will significantly influence construction demand. 
According to Finkel (1997), the government building programs and budgets are often 
designed as a means to jump start a sluggish economy. This agrees with Ofori 
(1988) and Hillebrandt et al. (1995) that governments regulate public expenditures in 
their attempts to even out the cyclical nature of the construction industry. On the 
other hand, governments may limit the extent of construction activities through 




Briscoe (2009) noted that governments have to make constant adjustments to 
different policies (for example, fiscal, monetary and regulatory policies) in order to 
achieve their key macroeconomic objectives (for example, economic growth, control 
of inflation, stability in the balance of payments and protection of the environment), 
which are closely aligned with the world economy. He added that these constant 
changes in governmental policies will considerably influence the construction industry 
and its construction demand. For example, Gruneberg (2009) pointed out that, as 
climate change issues have become a prominent feature in current global politics, 
governments’ initiative towards creating a more sustainable environment has also 
initiated changes in demand for construction; especially in developed nations. He 
explained that government legislation to reduce carbon emission means that greater 
pressures have been placed on contractors to produce environmentally friendly 
buildings. The changing trend in customers’ preference, in both private and public 
sectors, will be discussed in Section 2.4.4.   
 
Also, changes in the size of population and societal expectation do considerably 
affect the level of construction demand. Gruneberg (2009) suggested that, as 
economies grow, societal expectation changes; public and private demand for 
improved housing, non-residential buildings and infrastructure increase, in terms of 
comfort, convenience and appearance. Similarly, Hillebrandt (2000) explained that, 
as population increases, the demand for housing and educational facilities also 
increase. The increase in demand increases the price of accommodation and this in 
turn increases houses and land prices; all these eventually shape the demand of 
construction activity (Gruneberg, 2009).  
 
The various environmental factors discussed above are some of the factors affecting 
construction demand. These are present to varying degrees in different countries. No 
one factor can be said to be the cause in shaping a nation’s construction activity and 
 30 
demand. Fluctuations in construction demand are influenced by many interrelated 
factors, and are unavoidable and difficult to predict. Thus, it is not unusual for 
contractors to undertake a broad range of work of different nature in their endeavours 
to counteract the fluctuation in demand for a particular type of work. However, it is 
noted that the kind of management skills required varies from project to project, and 
that it is very difficult for firms to accurately predict their next project since a 
considerable portion of the industry’s workload is let by competitive tendering (Ball, 
1988; Ive and Gruneberg, 2000). This further places greater emphasis for contractors  
on the need to be flexible in response to specific requirements of each project, 
instead of focusing only on efficient delivery of the kind of projects currently on hand, 
in their endeavour to obtain sufficient turnover (sales volume) within an environment 
which is subject to cyclical demand fluctuation (Ball, 1998).   
 
2.4.2 Intensity of competition  
Cox and Thompson (1997) and Cheng et al. (2000) noted that the fragmented nature 
of the construction industry is one of the key causes sparking off intense competition 
within the industry. In measuring the degree of competition in the construction 
industry, three measurement items were operationalized by Runeson (2000): (i) the 
number of firms in the industry; (ii) the concentration ratio; and (iii) the profit level. His 
study showed that: (i) the construction industry is a very competitive industry; (ii) the 
industry is fragmented into several different markets; and (iii) individual contractors 
have no influence over prices and output.   
 
In fact, the intensity of competition has been intensified with the increased 
participation of more foreign contractors in domestic construction markets, especially 
in less developed countries due to governments’ economic and infrastructure 
development initiatives (Raftery et al., 1998). Sillars and Kangari (1997) noted that 
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the traditionally geographically dependent construction industry has transformed into 
one in which borders between competitors are virtually removed. The wide 
availability of economical transportation and effective telecommunication systems 
have virtually removed the barriers to access of information and markets, which were 
previously not possible (Sillars and Kangari, 1997).  
 
According to Raftery et al. (1998), as more countries participate in the globalization 
process with more trade barriers lifted, the world will be entering an era of increasing 
competition. They added that the globalization trend in construction poses both 
opportunities and concerns for less developed construction markets. In terms of 
opportunities, the expansion of international trade in construction would drive firms to 
comply with international standards, a process which could help to increase their 
competitiveness, in terms of cost, quality and project delivery. On the other hand, 
Raftery et al. (1998) are concerned that the increased competition arising from the 
inflow of foreign contractors could edge out local construction firms, if no proper 
governmental control is implemented. In fact, the increasing trend of foreign 
competition in domestic construction markets is not only evident in less developed 
countries, but also in developed nations, such as Hong Kong and Singapore, which 
have always been open markets for foreign investment and competition.  
 
Russell and Stouffer (2000) pointed out that the globalization trend, fuelled by 
economic and technological forces, will affect any construction firms. Large-sized 
contractors must compete with the world’s largest; medium-sized contractors must 
constantly take advantage of opportunities and manage change effectively; small-
sized firms must strive to retain loyal clients since they can potentially contract similar 
construction services for less money.  
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Recognizing the change and intensity of competition in construction, Kale and Arditi 
(2002) examined the competitive positioning of 107 US construction companies 
along two dimensions: (i) the mode of competition and (ii) the scope of competition. 
The former refers to firms’ decision to compete on the basis of quality, innovation, 
time and cost, while the latter refers to firms’ decision to adopt either a narrow or a 
broad operational approach in terms of geographical locations, market segments of 
operation, project delivery systems offered and group of clients served. They found 
that the construction firms can be grouped into four approximately equal clusters of 
different competitive positioning as shown below:  
(i) Cluster 1: adopts a neutral approach to scope of competition (i.e., falls 
between a narrow and a broad approach) and places strong emphasis on all 
modes of competition. 
(ii) Cluster 2: adopts a neutral approach to scope of competition and only places 
strong emphasis on competing on the basis of innovation and quality. 
(iii) Cluster 3: adopts a neutral approach to scope of competition, but no 
emphasis on any modes of competition.  
(iv) Cluster 4: adopts a very broad approach in terms of scope of competition and 
is primarily concerned with time and cost modes of competition.  
 
The above clustering is an attempt to shed light concerning contractors’ competitive 
positioning through categorization into relatively homogeneous groups. The finding 
showing that the neutral approach to scope of competition in three out of the four 
clusters of firms is striking. This suggests that construction firms do recognize the 
needs and possibilities for flexibility in delivering construction services by: (i) offering 
an adequate range of project delivery systems; (ii) targeting and serving a few groups 
of clients; and (iii) operating in several geographical locations and market segments 
of operation.  
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The review above shows the increasing trend of global competition in construction. It 
follows that contractors have to engage in a continuous process of developing and 
managing their resources and capabilities, improving their business efficiency and 
upgrading their products and services in order to respond flexibly to challenges 
imposed on them by their business environment.   
 
2.4.3 Procurement trend 
Cartlidge (2004) studied the procurement trends in the UK construction industry, and 
found that the industry does not appear to recognize the necessity to challenge long 
held industry practices. He noted that trends in procurement have been brought 
about as a result of clients’ pressure or economic conditions or a combination of 
both, moving from the traditional approach of Bills of Quantities (BQ) and competitive 
tendering (1983 – 1969) to the methods of management contracting and construction 
management (1970 – 1989). Thereafter, following the economic milestone of 
globalization, three predominant procurement methods (i.e., design and build (D&B); 
prime contracting; public private partnership (PPP)) and three contracting methods 
(i.e., partnering; alliancing; and joint ventures) emerged. Cartlidge (2004) considered 
this transition as “the remodelling of the UK construction industry” and perceived that 
the industry is progressively moving towards a more integrated and relationship 
based contracting approach. This agrees with Winch (2000) who, in his study on the 
evolution of contractual relations and the construction process in the UK construction 
industry, noted that: (i) the industry aims to improve the performance of the 
construction process by introducing concession contracting under the PPP 
arrangement, and (ii) public sector clients are progressively developing strategic 
partnerships with the private sector for delivery of public infrastructure facilities to the 
community.   
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A longitudinal study, conducted on a three-year interval between 1985 and 2004, 
also demonstrated that the UK construction industry has shifted from the traditional 
lump sum-fixed price bill of quantities method to a more integrated and relationship-
based approach (Royal Institution of Chartered Surveyors, 2004). The study 
recorded that the use of D&B method has increased progressively from 8.0% in 1985 
to 43.2% in 2004 based on the percentage of the value of contracts awarded. Beside 
this, there was a gradual increase in the use of partnering agreements, from 1.7% in 
2001 to 6.6% in 2004. On the other hand, the use of lump sum-fixed price BQ 
method plunged from 59.3% in 1985 to 23.6% in 2004. Correspondingly, changes in 
clients’ procurement strategies are noticeable in the Singapore construction industry 
and will be subsequently discussed in Section 2.5. 
 
Also, Runeson and de Valence (2009) found that there is a radial change, in terms of 
how contractors function, within the current “new” Australian construction industry 
compared to the “old” industry in the last 15 years (the terms “new” and “old” were 
used in their study). They noted that the use of PPP and other innovative 
procurement methods has accelerated considerably, and that the competition in 
construction is far beyond the basis of price. Rather than providing a fairly simplistic 
construction management service based on a competitive price, as had been 
traditionally done by contractors, the contractors are expected to offer a more 
sophisticated and differentiated range of services in order to satisfy changing clients’ 
needs (Runeson and de Valence, 2009). They have to compete on design, 
technology and value for money and at times, their scope of competition may further 
include financing, constructing and operating a facility for anything up to 30 years, if 
projects are tendered under the PPP procurement method (Runeson and de 
Valence, 2009). According to Bevan (2008), there is an increase in the number of 
PPP projects, including construction of court houses, schools, prisons and hospitals, 
within the Australian construction industry.   
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Likewise, Raftery et al. (1998) examined the major trends in construction industries 
across Asia (for example, Philippines and Malaysia), and found that there is an 
increase in both PPP infrastructure projects and vertical integration of construction 
projects. He pointed out that the “construction only” contracting service is becoming 
less preferable except in small-to-medium scale projects, and that many construction 
projects are becoming more complex and requiring more sophisticated technologies 
(see Section 2.4.5) and financing devices. In response to this increasing complexity, 
they found that the more usual arrangement for large scale projects is for contractors, 
developers and financiers to form consortia in order to build individuals’ expertise, in 
addition to reducing project risks. They added that formations of strategic alliances 
and partnering agreements are seen as necessary because contractors cannot be 
expected to have all resources and capabilities that are required to be effectively 
competitive. This agrees with Tiong and Yeo (1993) and Li and Tiong (1999), who 
suggested that forming global partnership relationships is a common approach for 
international contractors to strengthen their competitiveness in both international and 
domestic markets.  
 
From the above discussion, it appears that the procurement trend has, to a great 
extent, influenced the ways in which contractors compete and function. The extent to 
which how the procurement trend in construction, over the past decades, influences 
construction business is further substantiated in the series of studies published by: (i) 
the International Council for Research and Innovation in Building (CIB) Working 
Commission W92 on procurement; and (ii) the IF research group (GRIF) at the 
University of Montreal, Canada. Admittedly, it is no longer sufficient for contractors to 
simply offer management services based on a competitive price, but rather they have 
to offer a broader range of products and services in order to remain competitive. 
Apart from developing firms’ resources and capabilities, in their endeavours to offer 
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improved products and services, contractors further need to build cooperative 
relationship with external parties in configuring and formulating business packages 
and strategies, which are difficult to realize single-handedly, in response to clients’ 
changing requirements.  
 
2.4.4 Clients’ performance criteria of construction services 
Most buildings have been conceived and built on the basis of simple criteria - fitness 
for purpose corresponding to the lowest possible construction cost in traditional 
procurement (Yisa et al., 1996). Besides the cost element, construction project 
performance has traditionally been measured in terms of time and quality (Walker, 
1990; Ofori, 1992).  
 
In the UK, Yisa et al. (1996) noted a change in public sector clients’ project 
performance criteria; where emphasis has been placed on the elements of speed 
and value-based services, in addition to the traditional time-cost-quality performance 
of a project. Likewise, Cartlidge (2004) found that UK clients have changed their 
emphasis regarding project performance criteria. In descending order of importance, 
they are: (i) the contractor’s ability to innovate and provide bespoke value-added 
solutions to construction-related problems combined with minimum exposure to risk; 
(ii) the assurance of cost, service and quality; and (iii) the assurance of supply. This 
changing trend of project performance criteria can partly be explained in relation to 
the increase in PPP projects and vertical integration of projects where clients are 
seeking more integrated value-added (or value for money) services from design and 
construction to operation and maintenance of built facilities (see section 2.4.3). 
Manseau (2005a) pointed out that this contracting trend has influenced the way 
clients define project performance and values of construction services.  
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Apart from the above performance criteria, Winch (2000) detected that UK public 
sector clients are more inclined towards total building performance, focusing on the 
total life cycle cost of owning and operating a building. Spencer and Winch (2002) 
suggested four aspects of total building performance that are increasingly becoming 
the focus of UK clients: (i) spatial quality that encourages interaction between staff; 
(ii) indoor environmental quality and its impact on the efficiency and the effectiveness 
of people who are in the built facility; (iii) symbolism of the facility that conveys the 
identity and the values of its owners; and (iv) financial value of the facility for 
exploitation or trade.  
 
Lutzkendorf and Lorenze (2005) pointed out that total building life cycle cost and 
sustainable construction and development are the two emerging trends within 
international construction markets, especially in most developed countries. They 
noted that a variety of private and governmental initiatives and programmes are 
being implemented to provide sustainable development within planning, construction, 
management, refurbishment and demolition of buildings. They suggested that private 
and public sector clients are becoming more demanding and environmentally 
conscious, integrating environmental, social and economic dimensions of into 
building performance assessment. Lately, Gangolells et al. (2009) found that the 
environment has been consistently considered as the fourth major dimension in 
evaluating project performance – a theme put forth by Ofori (1992), urging that clients 
should make the environment as their fourth construction project objective. This 
phenomenon can partly be explained in relation to the increasing pressure of climate 
change and environmental issues. 
 
The review above shows the changes in clients’ performance criteria, from the 
traditional cost-time-quality performance model to the value-added services 
performance approach and then, to the emerging trends of total building performance 
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and sustainable development. All these imply that contractors have to be flexible in 
their design and delivery of construction services in response to clients’ changing 
requirements, for better competitiveness and continued existence.  
 
2.4.5 Technological possibilities 
According to Gann (1994), the design and delivery of construction services have 
been influenced by some major technological changes and possibilities: (i) the use of 
information and communication technologies (ICT) in both construction process and 
building operation and maintenance; (ii) the mechanization of construction activities; 
(iii) the prefabrication technique; and (iv) the use of new construction materials. 
Hillebrandt et al. (1995) and Gruneberg (2009) found that changes in technology 
affect construction demand (see Section 2.4.1) in turn, influence the share and type 
of work being undertaken by main contractors and specialist subcontractors; 
especially with the development of new sophisticated buildings such as offices, 
hospitals and commercial facilities. Hassan et al. (1998) pointed out that industrial 
and other commercial facilities will be increasingly complex owing to advancing 
technology that will influence the nature and internal environment of productive 
facilities.  
 
The European Construction Technology Platform (ECTP, 2005) found that the 
collective effect of industrialization and improved efficiencies in both the construction 
process and the performance of construction materials, fuelled by rapid technological 
advancement, have brought about recent changes in the design and construction of 
built facilities in European countries. For example, (i) skyscrapers could be built 
reaching 500 metres or more; (ii) bridges could span more than 1400 metres; (iii) 
underground tunnels could reach 56 kilometres in length; and (iv) deep foundations 
could reach 120 metres. However, these changes do not only occur in European 
 39 
countries, but also in other regions. Examples of some skyscraper buildings under 
construction in other countries include: (i) the Burj Dubai Tower in United Arab 
Emirates; (ii) the Lotte World II in South Korea; and (iii) the International Commerce 
Centre in HK. 
 
The other emerging global trend, characterized by the rapid technological 
advancement, is the design and construction of energy-efficient buildings. Many 
studies have been done in different industry settings (for example, US (Andrews and 
Krogmann, 2009); Greece (Papadopoulos et al., 2008); Spain (Orosa and Olivera, 
2009); China (Hong, 2009); and HK (Chung and Hui, 2009)) focusing on the 
development of different energy-efficient technologies in building projects such as 
heating, venting and air-conditioning (HVAC) systems, lighting and window systems. 
Brochner (2009) suggested that the emerging global trend towards indoor comfort 
and effective energy consumption will trigger major changes and possibilities in 
traditional construction methods.  
 
In HK, other impacts of technological change for the construction industry are evident 
in the increased use of prefabrication techniques in private sector residential building 
projects and the increased demand of intelligent buildings. Jaillon and Poon (2009) 
found that although prefabrication was introduced in public sector residential building 
projects since the mid 1980s, there has been a recent push in the private sector to 
adopt prefabrication techniques following the introduction of several regulations and 
incentive schemes (for example, the Joint Practice Notes 1 and 2 that promote the 
use of green building technologies and prefabrication). Under the Joint Practice Note 
schemes, Gross Floor Area exemption is granted for buildings constructed with green 
features such as prefabricated non-structural external walls and balconies (see HK 
Buildings Department, 2004 for further details). Jaillon and Poon (2009) further noted 
that, with the constant introduction of governmental policies that emphasize reducing 
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construction waste and improving quality control and working conditions, more 
prefabricated building components have been progressively used in both public and 
private sectors projects (for example, the use of precast facades, semi-precast slabs, 
beams, lift and stair core walls, bathrooms, kitchens and refuse chutes).   
 
Furthermore in HK, Cho and Fellows (2000) and Chan (2007) found that there is an 
increasing and constantly changing need for high rise intelligent office buildings, 
integrating high-tech ICT and building management systems. Cho and Fellows (2000) 
and Chan (2007) explained that this growing phenomenon is attributable to the merits 
of intelligent buildings in: (i) helping building owners and occupiers to reduce 
operating and occupancy costs while providing an environment which is more flexible, 
convenient and comfortable; (ii) offering advanced technological facilities together 
with reduced maintenance; and (iii) offering users with improved operational 
effectiveness and efficiency, and providing owners with better marketability.  
 
Manseau (2005a) suggested that, as building owners, clients and end-users 
continuously demand high-tech, complex and highly customized built facilities, 
together with the constant adjustment of governmental policies, the impact of 
technological changes on contractors is expected to grow. This is especially true in 
the current business environment where contractors can consider offering a more 
integrated range of construction services, from design and construction to operation 
and maintenance of built facilities, in fulfilling their clients’ needs and preferences 
(see Sections 2.4.3 and 2.4.4). For example, in concession contracting, contractors 
would need to be equipped with necessary know-how in designing and constructing 
specialized facilities incorporating improved building controls and automation to 
reduce operating costs since the commitment made for delivery of services usually 
lasts for 30 years. Likewise, the growing investment in intelligent or energy-efficient 
buildings requires contractors to continuously upgrade their capabilities and innovate 
 41 
in terms of the types of designs, technologies, materials or construction methods 
deployed in a project. All these imply possible business opportunities and threats to 
contractors’ operations. Therefore, construction firms should seek to improve their 
organizational flexibility, i.e., to achieve improved responsiveness to changes, in their 
attempts to fulfil the changing expectancies and needs of clients, end-users or 
building owners (see Section 3.4 for the definition of organizational flexibility adopted 
in this study).  
 
2.5 Changes in the Singapore construction industry 
This section focuses on the marketplace changes in the business environment of 
Singapore contractors, corresponding to the afore-discussed headings.  
 
The Singapore construction industry is based on the British model in which the 
traditional design-bid-build procurement system predominates. During the periods 
1993 to 1998, the industry was listed as one of the top 15 most attractive 
construction markets by city in the world (Bon and Crosthwaite, 2000). This 
attractiveness ranking was evaluated based on three criteria: (i) the fastest growing 
market; (ii) the most profitable market; and (iii) the most open market. Nonetheless, 
the construction industry is subjected to cyclical fluctuation in demand, which is 
sensitive to the wider economic activity. The industry grew strongly in the early 
1980s, posting construction demands measured by contract value which ranged from 
S$6.6 billion to S$6.9 billion, and then experienced a deep economic downturn in 
1985 to 1988 with construction demands valued between S$3.4 billion and S$4.8 
billion (BCA, 2002). Growth resumed during the late 1980s, but subsequently slowed 
down following the Asian financial crisis in 1997 (BCA, 2002; BCA, 2009a).  
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This study concentrates on the period 1997 – 2007 (see Section 1.3). Figure 2.2 
shows the construction demand (contracts awarded) of both the public and private 
sectors in the Singapore construction industry from 1996 to 2007. It can be seen that 
the local construction demand is subjected to cyclical fluctuation. In 1998, there was 
a 36% drop in construction demand following the Asian financial turmoil in the mid 
1997 - 1998. The overall construction demand continued to slump in 1999 with a 
further drop of 21% from 1998. This drop was mainly due to the contraction 
(approximately 40%) in the value of contracts awarded by the public sector (BCA, 
2000). A sign of recovery for the industry was reflected in 2000 when the construction 
demand rebounded by 54% to reach S$20.1 billion from S$13 billion in 1999 owing to 
a two-fold increase in the value of public sector contracts awarded on infrastructure 
projects in preparation of future economic and social developments (Department of 
Statistics, 2001). However, a slump of 29% in the construction demand was again 
registered in 2001 due to the softening of private developments and the cutback of 
public housing (Department of Statistics, 2002). Although there was a marginal 
growth of 1% in 2002, the construction demand yet again plunged by 31% in 2003 to 
reach S$10 billion owing to the acute decline in the public sector contracts awarded 
and the sluggish performance of the private sector (Department of Statistics, 2004). 
The industry turned around from 2005 onwards. The total contracts awarded 
increased from S$10.2 billion in 2004 to S$21.8 billion in 2007. This growth was 
underpinned largely by the brisk private sector activity in residential, commercial and 






































Figure 2.2 Value of contracts awarded in the Singapore construction industry 
Source: Dataset were taken from BCA (2009a) 
 
However, the industry demand valued at S$34.6 billion in 2008 is expected to fall as 
the global financial crisis makes its impact on the real economy; with a 2009 
forecasted construction demand valued between S$22 billion and S$28 billion 
(Joyce, 2008a; BCA, 2009a). In response to the murkier outlook in construction, calls 
have been made by the industry for the government to bring forward those public 
sector projects deferred in the end of 2007 due to the high rise in construction costs 
triggered by the soaring construction demand (Joyce, 2008b). Here, the influences of 
government as a major client of the industry (i.e., political factor) do play a role to 
cushion an anticipated fall in demand. According to Kok (2008) and Shankari (2008), 
the increasing price of raw materials may have led to the liquidation of many 
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Singapore contractors, who worked on low profit margins without considering the 
escalation of material prices. Figure 2.3 shows the market price of some basic 
construction materials in Singapore. It can be seen that there was an increase in 
price for most construction materials; especially for steel bars where the price 
increased two-fold over the period 2001 to 2007. It appears that, besides facing an 
increased competition due to the shortfall of construction demand during the 1997-
2005 economic downturn, contractors were faced with the problem of soaring raw 
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Note: the prices for sand and bricks are not published from the periods 2004-2007 and 2006-
2007, respectively.   
Figure 2.3 Market prices of construction material 
Source: Dataset were taken from BCA (2009b)  
 
There have been a few studies on how Singapore contractors responded to 
economic downturn in the 1997-2005 period. Some actions frequently adopted by 
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Singapore contractors are to: (i) concentrate on their core skills and limit their 
business scope; (ii) retrench, downsize and streamline in order to keep a foothold in 
their business; (iii) form joint ventures; and (iv) submit a low tender price to secure 
projects (The Contractor, 1998). Other identified actions which are less common 
among Singapore contractors include: (i) diversifying into other related business; (ii) 
merging and forming strategic alliances; and (iii) exiting the industry (The Contractor, 
1998). In a survey of 46 Singapore contractors, Low and Lim (1999; 2000) 
categorized the contractors’ responses to the economic downturn into five major 
headings, namely: (i) company restructuring; (ii) business repositioning; (iii) business 
marketing; (iv) cost cutting; and (v) long-term planning. The identified top ranked 
responses among their respondents include: (i) cutting suppliers' costs; (ii) adopting 
competitive bidding among suppliers; (iii) encouraging individual participation through 
quality circles; (iv) introducing new methods of managerial control; and (v) explaining 
current difficulties to staff. These studies indicate that contractors have to respond 
flexibly, via a variety of strategies, in striving for their continued existence in the face 
of declining construction demand. However, their findings could only reflect the initial 
responses of Singapore contractors to the beginning of the 1997 - 2005 economic 
downturn. They did not consider the strategies adopted by Singapore contractors in 
response to the prolonged 1997- 2005 downturn that lasted eight years; particularly 
when the deep downturn occurred in 2003 and the local construction demand 
plunged to its lowest point ever since 1991 (Department of Statistics, 2004). 
Nevertheless, it is acknowledged that their findings could be used to map the 
reformulation of Singapore contractors’ responses throughout the long downturn.  
 
Considering a modern city like Singapore, one of the fundamental demographic 
changes taking place is the aging population associated with the low birth rates. For 
example, the median age of Singapore resident population rose from 30 years old in 
1990 to 37 years old in 2008, and correspondingly, elderly persons (age above 64) 
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increased to 8.7% of the resident population of 3.64 million in 2008, from 6.8% of the 
resident population of 3.18 million in 1998 (Department of Statistics, 2008b). Besides 
this, the number of persons aged below 15 years plunged from 22.29% of the 
resident population in 1998 to 18.43% of the resident population in 2008 (Department 
of Statistics, 2008b). This attested to the declining trend of the nation’s birth-rate. In 
effect, all these changes in the demographics influence construction demand in 
several ways: (i) more housing for single persons; (ii) more special housing for the 
elderly and for those in need of care; and (iii) more healthcare facilities.  
 
Next, looking at the population size, there was a slight increase of resident population 
of 460,000 from 1998 to 2008. Despite the growth in resident population, a high 
percentage of the national home ownership was reported, indicating that about 91% 
of the resident population own their homes in Singapore; one of the highest in the 
world (Mah, 2007; Department of Statistics, 2008b). Also, several social development 
and support schemes have been implemented to meet the changing social housing 
expectation in Singapore (see Mah, 2007 and MCYS, 2008). Examples of such 
schemes include: (i) the self-contained towns scheme; (ii) the ageing population 
programme; (iii) the public housing upgrading scheme; (iii) the design, build and sell 
scheme; (iv) the Comcare scheme; and (v) the work support programme. These 
measures help Singapore to achieve social stability.  
 
Furthermore, an International Monetary Fund (IMF) report by Annet (2001) found that 
Singapore is one of few countries, which are politically stable with a calculated 
political instability index of 0. Considering the current status of Singapore, a 
developed country underpinned by its political and social stability, the influence of 
political and social factors on construction demand is not considered in this study.  
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The next issue to look at is the procurement and competition trends in the Singapore 
construction industry. Singapore is a signatory to the Agreement on Government 
Procurement under the World Trade Organization (WTO). Under this agreement, all 
public sector construction contracts above S$70,000 are obliged to follow a set of 
tendering procedures to ensure open and fair competition among all foreign and 
domestic construction services providers (Ministry of Finance, 2005). Like all public 
sector projects, most of the private sector projects are formally tendered, but the 
respective tendering process is more flexible where contracts could be awarded 
either through competition or negotiation or a combination of both (Davis Langdon 
and Seah, 2000). On the other hand, construction firms must be registered with the 
BCA Singapore before they are eligible to tender and compete for public sector 
projects (BCA, 2009c).  
 
Also, the study by Davis Langdon and Seah (2000) showed that competitive 
tendering is used extensively in the Singapore construction industry as a mechanism 
for awarding construction contracts, with preference for the traditional form of 
contracts (for example, lump sum contract ‘with’ and ‘without’ bills of quantities). 
However, changes in the local clients’ procurement strategies are noticeable. 
Although the D&B procurement method has yet to gain much popularity in Singapore, 
which is probably due to some inherent problems that clients face in their D&B 
projects (Ling and Poh, 2008), the percentage of D&B building projects (for public 
sector contracts) has increased progressively from 1.7% in 1992 (BCA, 2002) to 
9.8% in 2008 (BCA, 2008b). Within these periods, the highest percentage of D&B 
building projects recorded was 22.7% in 2004 (BCA, 2008b).  In view of this 
fluctuation, Ling and Chong (2005) pointed out that the use of D&B procurement 
method is expected to rise only if contractors are capable of meeting clients’ 
expectations in their service delivery of D&B projects. The prevailing wave is the 
privatization of public sector infrastructure projects in Singapore. Hitherto, five 
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infrastructure projects were awarded based on the PPP arrangement since 2003 
(Ministry of Finance, 2008). All these show the shifting tendency in clients’ 
procurement strategies, signifying that Singapore contractors have to be flexible in 
their design and delivery of construction services. They should adopt an open-
minded approach in exploring different procurement strategies and offering a more 
integrated range of services.  
 
In terms of degree of competition, there is a large number of firms in the Singapore 
construction industry in proportion to its small physical size (see Section 2.3). This 
observation is supported by Oo (2007), who affirmed that the Singapore construction 
industry is highly competitive, especially for the public sector work, considering the 
large number of tenders received per project, the low level of profit, and the 
seemingly low success rate in contractors’ bidding attempts.  
 
Changes in the intensity of competition are noticeable in Singapore’s construction 
industry. Betts and Brown (1992) studied the construction tender bid variability over 
the period 1989-1990, and found that there was an average of eight tenderers 
competed in each contract based on a total of 1256 Singapore public sector 
contracts, comprising small maintenance jobs to very large infrastructure contracts. 
Looking at the period 2002-2004, Oo (2007) studied 46 building projects with contract 
values ranging from S$ 10 to S$ 30 million, and found that the number of tenderers 
per project ranges from 6 to 31, with an average of 15.72. Indeed, recent tender 
results for public sector work showing number of tenderers above 20 are well 
documented (CPG, 2005), indicating the increasing intensity of competition in 
Singapore construction market. One example is a D&B public infrastructure project 
which attracted 28 tenderers (The Straits Times, 2004).  
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The increase in the intensity of competition can be partly explained in relation to the 
increasing trend towards globalization and the expansion of Singapore’s free trade 
agreement network (see International Enterprise Singapore, 2008), which have 
virtually shifted the traditional dimensions of competition. As more trade barriers are 
lifted, Singapore is connected to more major economies and new markets, and 
hence is entering into an era of increasing global competition. As a result, Singapore 
contractors are urged to develop their export capability to compete for overseas 
projects through the formation of consortia and setting up co-operative business 
arrangements with overseas counterparts in the Construction 21 (C21) report (C21, 
1999).  
 
The review above attests to the increasing intensity of competition in the Singapore 
construction industry, where Singapore contractors need to compete among each 
other and with foreign contractors for local construction projects, although Singapore 
construction demand is relatively small. In addition, the increasing trend in 
globalization has influenced the way Singapore contractors compete and function. All 
these suggest that Singapore contractors have to be flexible, via developing strategic 
options and strategies, in response to their changing competitive environment.   
 
The last two dimensions of change in the industry are the client’s performance 
criteria of construction services and technological development. The traditional time-
cost-quality model was mainly used to define the performance criteria of Singapore 
contractors’ services. However, changes are noticeable in the way both public and 
private sectors clients define the value of construction services, especially with the 
introduction of the PPP procurement arrangement and the gradual increase in D&B 
projects. These phenomena demonstrate that clients are seeking more integrated 
value-added services from design and construction to operation and maintenance of 
built facilities.  
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Also, with the introduction of construction site safety legislation and environmental 
sustainability schemes, further changes are noted in clients’ performance criteria of 
construction services. A report by BCA (2003) mentioned that Singapore contractors 
are expected not only to deliver quality workmanship within the stipulated cost and 
time, but also need to proactively manage the environmental and occupational health 
and safety aspects of their projects.  
 
Lately, reports by Ministry of Environment (2006, 2007) highlighted that the 
Singapore construction industry has increasingly become aware and committed 
towards environmental sustainability. This phenomenon is supported by the relatively 
high recycling rates of 94% and 98% achieved in 2005 and 2006, respectively. Also, 
it is reported that 13 public sector agencies (for example, Land Transport Authority, 
Singapore Land Authority and Housing and Development Board) have incorporated 
the Earth Control Measures requirement in their construction services procurement 
contracts (Ministry of Environment, 2006). Similarly, much emphasis is placed on 
personal health of construction workers on issues such as dengue and the breeding 
of rats in construction sites, and smoke emissions of construction machineries. 
 
In January 2005, the Singapore BCA launched the Green Mark Scheme (GMS) in an 
attempt to promote environmental awareness in the construction and real estate 
sectors. According to BCA (2007), the GMS aims to: (i) provide a yardstick to rate a 
building’s environmental friendliness, and (ii) encourage developers and building 
owners to adopt green building technologies in achieving a sustainable built 
environment via improving resource efficiencies. To further encourage the adoption 
of green building practices and technologies, the Singapore government launched 
the Green Mark Incentive Scheme in late 2006. It consisted of a $20 million cash 
incentive for developers and building owners who achieve the targeted benchmark in 
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the design and construction of new buildings or refurbishment of existing buildings 
during 2006 to 2008 (BCA, 2007). Lately, the Singapore BCA (2009) launched two 
incentive schemes, i.e., Green Mark Gross Floor Area (GM GFA) and Green Mark 
Incentive Scheme for Existing Buildings (GMIS-EB), to further encourage developers 
and building owners to strive towards a more sustainable built environment. Since 
2008, 129 building projects, comprising a mix of private and public sectors projects, 
have been awarded the Green Mark Certificates (BCA, 2008d).  
 
Next, considering the current status of Singapore as a developed nation, a growing 
investment on intelligent and highly customized buildings is noticeable, especially in 
industrial and infrastructure building projects (for example, Singapore Changi Airport 
Terminal 3, and pharmaceutical industrial projects at Tuas Biomedical Park). Building 
owners, clients and end-users demand more high-tech and complex built facilities 
with sophisticated technologies for their routine operation. In fact, more highly 
customized building projects are anticipated to be built in Singapore, since the 
nation’s vision is to become the hubs of both clean energy and pharmaceutical and 
biotechnology industries in the Asian region (EDB, 2009). All these trends and 
changes indicate the challenges lie in Singapore contractors’ ability to respond 
flexibly to the changing trend in clients’ value of construction services and 
technological needs.  
  
2.6 Need for organizational flexibility  
There is radical change in how contractors function and compete in response to all 
major and interrelated changes discussed in Sections 2.4 and 2.5. These changes 
have induced a complex process of responses, requiring a new kind of management 
that focuses on the need to manage organizational flexibility. McGregor (2000) 
pointed out that organizations cannot afford to wait until consequence of the changes 
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become apparent but need to move from reactive tactics to anticipatory strategic 
planning in order to maintain their competitiveness. 
 
Runeson and de Valence (2009) pointed out that enhancing technological 
capabilities and formal and informal training of employees are progressively 
becoming important for construction firms to achieve and develop organizational 
flexibility in a changing business environment. Manseau (2005b) added that firms 
should design and adopt a flexible organizational structure, which fosters an 
interactive learning environment, thus helping the firms to develop new professional 
specialities in response to clients’ evolving needs. Likewise, Lenard (1999) 
suggested that development and management of responsive behaviour in supply 
chain relationships is important for firms to achieve improved flexibility in response to 
any unforeseen events. According to Yisa et al. (1996), firms have to restructure their 
operations in different ways and styles, building and developing their resources and 
capabilities, in order to flexibly respond to changes within the business environment. 
All these indicate the need for organizational flexibility in the face of the challenges 
faced by construction firms in developing their flexibility.  
 
2.6.1 Flexibility management in construction 
Studies done on flexibility in construction are now discussed.  
 
2.6.1.1 Flexibility within corporate-level management  
Focusing on the UK construction industry, Lansley et al. (1979) pointed out that, 
flexibility and diversity are needed to provide favourable conditions during initial 
stages of the creative process required for exploring new areas in organizational 
problem-solving skills. They found that one of the prime requirements for developing 
a wide range of reasoning and problem-solving skills is to be able to realign limited 
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physical, technical and human resources to meet rapid changes in the construction 
markets and the preferred procurement methods of clients. Also, they found that 
flexible contractors, who were successful in adapting to changing demands of the 
environment, exhibited a different set of characteristics compared with their less 
successful counterparts. These include: (i) having clearly defined and stated 
objectives supported by strong management commitment; (ii) considering 
employees’ welfare; (iii) emphasizing high levels of employees’ morale and job 
satisfaction; (iv) promoting effective corporate planning strategies; and (v) having an 
effective market sensing mechanism in place and making full use of employee 
knowledge and potential in every aspect of decision making. Subsequently, Lansley 
(1983) found that organizational flexibility is influenced by firms’ scope of operation, 
which could be defined in terms of the group of clients served and range of market 
segments involved. Lansley (1987) further examined the influences of organizational 
structure, management style and problem-solving skills on organizational flexibility, 
and found that an organic structure, a high level of organizational problem-solving 
skills and a management style that emphasizes employee development are the keys 
towards achieving flexibility.  
 
Handa and Adas (1996) included the flexibility dimension, as one of their measures, 
in predicting effectiveness of Canadian construction firms, and operationalized 
flexibility into two aspects: structural context, and rule and regulation. The former 
contains measurement items such as the level of joint venturing, subcontracting and 
information flow. The latter comprises measurement items such as the degree of 
organizational process control and attitude towards change. Of these measurement 
items, Handa and Adas (1996) found that only firms’ attitude towards change is 
significant in predicting organizational effectiveness. Similarly, Dikmen et al. (2005) 
included the flexibility trait as an independent variable to evaluate the effectiveness of 
Turkish construction firms, and found that organizational effectiveness is significantly 
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correlated with firms’ flexibility (i.e., as the level of flexibility increases, organizational 
effectiveness also increases).   
 
Debrah and Ofori (1997) and Ofori and Debrah (1998) explored the flexibility 
management of workers in the Singapore construction industry, discussing the labour 
market, employment structure and core-peripheral flexibility model (which is also 
known as the ‘flexible firm’ model). Ofori and Debrah (1998) pointed out that  
product-related organizations tend to adopt the core-peripheral flexibility model, 
retaining minimum number of core employees and varying the number of peripheral 
workers (for example, part-timers and temporary workers) in order to achieve 
functional and numerical flexibility in response to fluctuation in production demand. 
Debrah and Ofori (1997) and Ofori and Debrah (1998) recognized that the extensive 
use of labour subcontracting does provide construction firms with a certain degree of 
flexibility in response to abrupt changes in demand for their resources. However, 
Ofori and Debrah (1998) explained that the intensification in the use of labour 
subcontracting is not a conscious effort on the part of construction firms to adopt the 
‘flexible firm’ model for improved strategic flexibility, but rather is a response to the 
problem of labour shortage.  
 
2.6.1.2 Flexibility within project-level management 
In addressing the need for greater flexibility in project information flow in the UK 
construction industry, Betts (1991) pointed out that the use of relational database 
technology and integrated database design methodology would improve the flexibility 
of information retrieval. In the context of the Australian construction industry, Walker 
and Shen (2002) studied the influence of the planning and flexibility components 
towards achieving good construction time performance, based on a conceptual 
framework of project understanding and knowledge transfer. They found that 
 55 
competence and commitment, of both individual organizations and the project team, 
in seeking and exploring alternative options are the key to achieving good 
construction time performance. Subsequently, Walker and Loosemore (2003) added 
that promoting a learning culture within a project environment, via a systematic 
problem solving approach, could enhance participants’ flexibility potential in response 
to any unanticipated challenge that arise during the course of a project.  
 
Gil et al. (2005) investigated challenges involved in semi-conductor fabrication facility 
projects in Portland, Oregon (for example, technical complexity of product design and 
unexpected project changes), and developed a framework to overcome the identified 
challenges based on two principles, i.e. the product and process flexibilities. Based 
on their interview findings, several managerial strategies embodying product and 
process flexibility were identified. These include: (i) overdesigning products to 
accommodate future needs for extra capacity; (ii) differentiating project activities for 
better workflow control; (iii) adopting off-site fabrication; (iv) using the four-
dimensional computer-based modelling technique; (v) adopting the modular design 
concept; and (vi) increasing communication between project stakeholders.  
 
Olsson (2006), in his study of the flexibility management of 18 Norwegian projects, 
found that the importance of flexibility is well-appreciated by the majority of project 
stakeholders including project owners, users, project management consultants and 
contractors. He noted however that stakeholders’ opinions on flexibility are somehow 
related to their individual roles and incentives in the respective projects; it can be 
considered as either a value by stakeholders who benefit from changes or a cost for 
those who respond to the changes involved. Therefore, he pointed out that it is 
important for stakeholders to strategically identify critical parts of projects (i.e., 
undefined and unclear activities) that require flexibility in their endeavours to achieve 
effective project flexibility management.  
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In the context of the US construction industry, Ford et al. (2002) adopted the 
structured real options approach to ascertain how strategic flexibility is proactively 
exploited to recognize inherent values hidden in dynamic uncertainties. According to 
them, dynamic uncertainties are described as “project conditions that cannot be 
resolved adequately through improved description or planning for pre-project strategy 
selection” (p.343). Despite the argument that a structured approach is necessary for 
successful project delivery, they found that existing usage of flexibility, i.e., strategic 
options, in project management is not structured adequately to provide firms with a 
useful strategic design and valuation tool. Recognizing this inadequacy, Ford and 
Bhargav (2006) pointed out that managers should structure their flexible project 
strategies in their endeavours to improve their evaluation, development and use of 
flexibility. They explained that the availability of flexible project strategies, in the form 
of options, can considerably increase project value if uncertain conditions cannot be 
adequately predicted before actual construction activities take place. To develop their 
firms’ flexible project options, manager should implement and continuously review 
their project risk management protocol comprising risk planning, identification, 
analysis, response planning, and monitoring and controlling (PMI, 2004)      
 
2.6.2 Flexibility as a challenge in construction 
Although the above studies on flexibility management were conducted within the 
context of the construction industry, it appears that the concept of flexibility in 
construction is not well-understood. Many studies considered flexibility as a uni-
dimensional rather than an integrative multi-dimensional concept, as was the case in 
manufacturing-related studies (see Section 3.6), comprising different dimensions and 
ranges of flexibility types. Of these studies, some (for example, Handas and Adas, 
1996; Dikmen et al., 2005) applied flexibility as an independent variable to predict 
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organizational effectiveness, rather than examining and identifying the type of 
organizational attributes that contribute to the attainment of flexibility. In the latter 
case, flexibility is considered as a dependent variable.  
  
As for studies that considered flexibility as a dependent variable or desired outcome, 
they have specifically examined the influence of individual organizational attributes 
on flexibility. As revealed above, the organizational attributes may comprise: (i) 
human resource; (ii) organizational structure and management style; (iii) information 
and process technologies; and (iv) organizational learning culture. Also, many 
studies were conducted using a qualitative approach. It appears that little has been 
done to empirically investigate the collective effect of individual organizational 
attributes towards achieving organizational flexibility. According to Pugh and Hickson 
(2007:12&13),   
Organizations and their members are changing and complex […] thus their 
attributes should be studied together and as matters of degree, not as 
‘either/or’ phenomena – a multivariate approach to a changing world of greys, 
rather than blacks and whites [...] there will no single reason for the way in 
which an organization is set up and run, but many possible influences (that is, 
multivariate causal explanations). What happens cannot be due to an 
organization’s size alone, nor for that matter to its technology alone, but must 
in some degree be due to a number of these and other factors all acting 
together...  
 
Furthermore, the majority of studies used project(s) as the subject matter, but did not 
consider construction organizations as the unit of analysis. This study agrees with 
Pugh and Hickson’s (2007) argument, and maintains that the emphasis should be 
placed on a construction organization itself since the ability of being flexible may 
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involve the interdependency of various key organizational attributes, and these may 
in turn affect the performance of individual organizations in a project setting.  
 
Hitherto, little is known about the management and development of organizational 
flexibility in construction, for example, (i) “what kinds of organizational attributes (also 
known as determinants in this study) that contractors should focus in their efforts to 
achieve superiority in different dimensions of organizational flexibility such as 
strategic flexibility and tactical flexibility” and (ii) “how different organizational 
attributes collectively and interactively influence different dimensions of 
organizational flexibility”. These issues would offer useful insight for construction 
firms into the functioning of resources, capabilities and strategies in attaining 
organizational flexibility; but these have not yet been addressed in the construction 
management literature. This contributes to the challenge faced by contractors in 
developing and managing their flexibility potential.   
 
2.7 Summary 
There is a convergence of the related changes in the construction industry that leads 
to the growing need for organizational flexibility. A review of the literature shows that 
changes have taken place in: (i) construction demand; (ii) intensity of competition; (iii) 
procurement methods; (iv) clients’ performance criteria of construction services; (v) 
technological possibilities. Although each change or a combination of changes in the 
business environment of the construction industry may have different impacts on 
individual contractors, it appears that contractors have to be flexible in response to 
each relevant change in order to stay viable.  
 
Although studies have been done to explore flexibility in construction, hitherto, the 
means for assessing and achieving organizational flexibility remain under 
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researched. Some studies considered flexibility as an independent variable in 
predicting organizational effectiveness, while some have specifically examined the 
influence of individual organizational attributes on flexibility, thus a dependent 
variable. Also, many studies used project(s) as the subject matter, but did not 
consider construction organizations as the unit of analysis. Therefore, this study 
emphasizes the collective effect of individual organizational attributes on 
organizational flexibility, identifying the key determinants and dimensions of flexibility, 
and exploring how individual attributes interrelate and contribute to organizational 
flexibility. In line with this, the next chapter discusses the concept of flexibility.   
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CHAPTER 3  
THEORETICAL FRAMEWORK OF FLEXIBILITY MANAGEMENT 
 
3.1 Introduction  
This chapter starts with the review of the concept (Section 3.2) and definitions 
(Section 3.3) of flexibility. Thereafter, a definition of organizational flexibility is 
formulated for this study (Section 3.4). This is followed by a description of various 
flexibility-related studies, exploring: (i) the other defining features of flexibility (Section 
3.5); (ii) the multi-dimensional perspective of organizational flexibility (Section 3.6); 
and (iii) the determinants of organizational flexibility (Section 3.7). 
 
A conceptual framework of organizational flexibility in the construction business was 
developed by integrating four perspectives of organizational studies (Sections 3.8 
and 3.9). They are: (i) the dynamic contingency view of firms; (ii) the organizational 
learning perspective; (iii) the resource-based view of firms; and (iv) the complex 
adaptive system perspective. These theories focus on the organization-environment 
relations, positing that the environment plays an important role in influencing 
organizations’ flexible behaviour in response to changes within the business 
environment towards their continued existence. 
 
3.2 Concept of flexibility 
The concept of flexibility has attracted much interest from many organizational 
researchers since 1960s (Ansoff, 1965; Oke, 2005), focusing on how companies 
within the manufacturing industry attain flexibility. Flexibility has been touted as the 
next strategic weapon in the battlefield of competition (Parker and Wirth, 1999; Oke, 
2005); an attribute that contributes to firms’ ability to survive and prosper in a 
turbulent and unpredictable environment (Dreyer and Gronhaug, 2004). 
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Flexibility is often regarded as one of the ‘competitive priorities’ that must 
complement other organizational priorities such as quality, cost and time (Lau et al., 
1996; Boyle, 2006). This means that firms should not overlook the importance of 
other priorities in their endeavours to attain flexibility in order to remain competitive 
and viable in a changing business environment (Ahmed et al., 1996; Volberda, 1998). 
This is because flexibility is a ‘good thing’ (Adler, 1988; Aviso et al., 1995) but not a 
‘free goods’ (Carlsson, 1989). For example, a production plant, that wishes to 
possess a greater ability to produce more than one product to cater for bigger 
markets, may become more competitive, while also incurring higher investment and 
operating costs, than a plant specializing in the production of one product (Stigler, 
1939; Golden and Powell, 2000). Besides the associated cost of developing 
flexibility, Das and Elango (1995) related flexibility to other issues including the 
increased levels of stress among employees and lack of organizational focus.  
 
Despite the above concerns on flexibility, Lambert and Peppard (1993) noted that 
firms still continue to seek for flexibility in order to increase their competitiveness. 
Carlsson (1989) argues that flexibility, particularly in the guise of adaptive 
manufacturing technologies, has become as vital a determinant of competitiveness 
as cost. Comparing the periods between 1970s and 1990s, Thompson (1993) found 
that there is an increased recognition of flexibility in firms’ strategic processes in their 
attempts to stay viable in a changing business environment. Avison et al. (1995) 
added that flexibility has become so vital to firms that it may take a central role as an 
organization’s critical success factor.  
  
To attain flexibility, firms are expected to: (i) build excess and liquid reserves (Cyert 
and March, 1963); (ii) build a flexible resource pool and a diverse portfolio of strategic 
options (Quinn, 1980; Aaker and Mascarenhas, 1984); and (iii) induce agility and 
versatility (Fredericks, 2005) (The concepts of agility and versatility are discussed in 
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Section 3.5.4). Frederick (2005) added that the variety of strategic options available 
to firms should increase corresponding to marketplace uncertainty. 
 
Frederick (2005) and Boyle (2006) shared that, through the process of integration, 
reconfiguration and development of organizational resources and competences, firms 
could become more flexible in response to marketplace uncertainties and 
complexities. This agrees with Sanchez’s (1997: 76) assertion that a continuous 
cycle of competency building, “by creating the right kind and range of resources and 
coordination flexibilities together with competency leveraging”, plays an important 
role in developing a firm’s flexibility potential.  
 
Boyle (2006) however expressed that it is not easy to understand, implement and 
manage organizational flexibility because flexibility is not general and cannot be 
simply purchased and plugged into any firm’s operations. This is especially true since 
firms can be very flexible in some ways and less flexible in others (Suarez et al., 
1995). Therefore, it is important for firms to recognize the nature and constitution of 
flexibility and the determinants of achieving flexibility, if the potential benefits of being 
flexible are to be fully realized (Koste and Malhotra, 1999). 
 
Recognizing the importance of being flexible in a changing competitive environment, 
Slack (2005) emphasized that it would be an oversight to treat the concept of 
flexibility exclusively in the manufacturing sector given the importance of other 
sectors (including construction) as recorded in most government statistics. He further 
pointed out that regardless of “the importance of either manufacturing or service 
sectors as the economic drivers, or repositories of technical knowledge or as a 
protection against long term economic turbulence, the fact remains that more than 




3.3 Definitions of flexibility 
The meaning of flexibility is not always clear (Evans, 1991; Golden and Powell, 
2000). For example, the Longman Dictionary (2001: 536) broadly defined flexibility as 
“the ability to change or be changed easily to suit different situations”. Collin’s 
(2004:115) business dictionary defined flexibility as the ability of “being easily 
changed”. Oxford Reference Online (2009) described flexibility as the ability to adapt 
an operating system to respond to changes in the environment.  
 
Generally, it is understood what flexibility is, but its translation with respect to an 
organization is still indistinct. This is exemplified by the variety of definitions of 
flexibility in the existing body of literature relating to organizational studies. One 
possible explanation for the lack of consensus regarding the definition of flexibility is 
that proposed definitions, within the literature, are often coloured by particular 
managerial situations or problems (Upton, 1994).  
 
Table 3.1 summarizes a list of definitions of flexibility found in previous studies. It is 
however recognized that this list of definitions is not exhaustive given the vast 
number of existing definitions of flexibility. As can be seen from Table 3.1, flexibility is 
widely but partially and briefly defined in terms of: (i) flexible manufacturing; (ii) 
flexible production automation; and (iii) flexible management styles. Along with these 
definitions, some studies defined and described organizational flexibility in a more 
comprehensive approach. These definitions are presented chronologically below.
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Table 3.1 Definitions of flexibility   
Classifications Definitions Authors 
The ability to move with customer needs, respond to competitive pressure and be closer to the market. Slack (1987:35) 
The ability to cope quickly with changing circumstances and environmental uncertainty. Gupta and Goyal (1989) 
The capability to switch gears – from, for example, rapid product development to low cost – relatively quickly and 
with minimal resources.  
Hayes and Pisano 
(1994:78) 
The ability to change or react with little penalty in time, effort, cost or performance Upton (1995a:207) 
The ability of firms to respond to changes in their customers’ needs, as well as to unanticipated changes 
stemming from competitive pressures. 
Vokurka and O’Leary-Kelly 
(2000:485) 
The ability to meet an increasing variety of customer expectation without excessive costs, time, organization 
disruptions or performance losses. 
Zhang et al. (2003: 173) 




The ability to change levels of production rapidly, to develop new products more quickly and more frequently, and 
to respond more rapidly to competitive threats.  
Oke (2005:973) 
The ability of a system to quickly adjust or adapt to any changes in relevant factors like product, process, loads 
and machine failure. 
Nagarur (1992) 
The ability to shift or replicate core manufacturing technologies quickly and effectively between different 






The ability of a system or facility to adjust to changes in its internal or external environment. Das and Patel (2002:266)  
The ability of firms to reposition themselves in a market, change their game plans, or dismantle their current 
strategies when the customers they serve are not longer as attractive as they once were. 
Harrigan (1985:1) 
The ability to implement changes in the internal operating environment in a timely manner at a reasonable cost in 
response to changes in market condition. 




The ability of a firm to respond to uncertainties by adjusting its objectives with the support of its superior 
knowledge and capabilities. 
Lau (1996:11) 
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Classifications Definitions Authors 
The ability to modify the alliance and exit the alliance relationship when alliance is performing poorly.  Young-Ybarra and 
Wiersema (1999:440) 
The ability of an organization to respond to changes in the environment in a timely and appropriate manner with 
due regard to competitive forces in the environment.  
Das and Elango (1995:62) 
The ability to reallocate resources quickly and smoothly in response to changes. Buckley and Casson 
(1998:23) 
The ability to respond quickly to changing market conditions. Matusik and Hill 
(1998:682) 
The capability of the firm to proact or respond quickly to changing competitive conditions and thereby develop 
and/or maintain competitive advantage.  
Hitt et al. (1998:27) 
The ability to adapt. Golden and Powell 
(2000:373) 
The ability to adapt, in a reversible manner, to an existing situation, as opposed to evolution, which is irreversible. Bucki and Pesqueux 
(2000:62) 
A firm’s capacity to adjust to change and/or exploit opportunities resulting from environmental changes and, in 
our view, can be considered a company-specific skill or a resource. 
Dreyer and Gronhaug 
(2004:484). 




Eppink (1978:42) defined flexibility as “a characteristic of an organization that makes 
it less vulnerable to unforeseen external changes or puts it in a better position to 
respond successfully to such a change”. He related flexibility and adaptability to the 
ability of an organization to respond to unforeseen and foreseen changes, 
respectively. This suggests that the responsiveness of an organization would consist 
of flexibility and adaptability.   
 
According to Krijnen (1979:64), “a flexible firm has the ability to change itself in such 
a way that it remains viable”. He added that the change can occur in three ways: (i) 
adapting flexibly to circumstances and events in the environment which were 
unpredictable or unforeseeable; (ii) altering the organization by anticipating the 
external changes by means of planning; and (iii) developing activities in order to 
influence the environment so that the firm does not have to adapt itself.  
 
As part of Quinn’s (1980) notion of incrementalism, flexibility refers to firms’ attitude 
to keep options open (i.e., free options) by specifying broad performance goals and 
allowing different technical methods to compete as long as possible. He highlighted 
that free options should be consciously developed, and stated that “logic dictated the 
managers purposely design needed flexibilities into their organizations and have 
reserve resources ready to deploy incrementally as event demanded” (p.122). In 
order to achieve designed flexibilities, Quinn (1980) recommended that firms should:  
(i) establish a horizon scanning activity to identify and analyze the opportunities and 
threats which an organization might encounter; (ii) create sufficient resource buffers 
to respond effectively as events occur; and (iii) develop and deploy activist with a 




Similarly, Aaker and Mascarenhas (1984) considered flexibility as a strategic option, 
and defined it as “ the ability of the organization to adapt to substantial, uncertain, 
and fast occurring (relative to required reaction time) environmental changes that 
have a meaningful impact on the organization’s performance” (p.74). According to 
them, firms can attain flexibility through: (i) adopting a diversification strategy, either 
defensive or offensive (for example, participating in multiple product markets and 
distribution channels); (ii) investing in less specialized and commonly used assets 
(for example, increasing the liquidity of assets and using multiple general purpose 
facilities and equipment); and (iii) reducing specialized commitments (for example, 
reducing specialized facilities, using multiple suppliers, subcontracting work or 
avoiding vertical integration in order to decrease exit and entry barriers).  
 
Linking organizational flexibility to organizational capabilities, Volberda (1998:100) 
defined flexibility as “the degree to which an organization has a variety of managerial 
capabilities and the speed at which they can be activated, to increase the control 
capacity of management and improve the controllability of the organization”. He 
elaborated that the controllability or changeability of an organization is dependent on 
the creation of appropriate conditions within its organizational structure and process 
regulation to foster flexibility.  
 
More specifically, Johnson et al. (2003) related firms’ flexibility to market-focused 
strategic flexibility, and defined it as “the firms’ intent and capabilities to generate 
firm-specific real options for the configuration and reconfiguration of appreciably 
superior customer value propositions” (p.77). They went on to explain that market-
focused strategic flexibility refers to how firms apply both their intent and capabilities 
to create option bundles for: (i) various value-creating configurations of products; (ii) 
their positioning; and (iii) their distribution in various markets. In their study, the term 
‘options’ was described, based on Bowman and Hurry’s (1993:762) definition, as the 
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“preferential access to future opportunities (for example, opportunities for growth or 
opportunities to earn capital gain by divestiture) arising from the interplay of the 
organization’s existing investments, its knowledge and capacities, and its 
environmental opportunities”.  
 
3.4 Formulating the definition of organizational flexibility 
In this study, the definition of organizational flexibility is formulated based on the 
underlying features of flexibility extracted from previous studies. The six key features 
identified from the review in Section 3.3 are: (i) adaptability; (ii) changes (i.e., 
unforeseen or foreseen); (iii) responsiveness; (iv) reversibility; (v) continuous 
learning; and (vi) organizations’ resources and capabilities. 
 
In general, nearly all definitions of flexibility place emphasis on the features of 
adaptability in terms of (i) organizational capabilities (Aaker and Mascarenhas, 1984; 
Bucki and Pesqueux, 2000) or (ii) free options to initiate or adapt to changes (Quinn, 
1985). However, Stigler (1939) argued that flexibility is different from adaptability in 
that the latter implies a singular and permanent change, whereas the former enables 
successive, but temporary approximation to the current state of affairs. Evans (1991) 
suggested that, in dynamic environments, it is only a temporary relief to develop a 
permanent response to environmental changes because subsequent environmental 
states may possibly reverse or reshape the previous state or even reinforce it again. 
According to him, adaptability involves repositioning to address the imperatives of a 
new environment. Thus, he agreed with Lawrence and Dyer (1981) that the feature of 
re-adaptation is a better resemblance of flexibility, whereby organizations and their 
environments interact and evolve towards more mutually acceptable exchanges.  
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Similarly, most definitions indicate that the driving force behind organizational 
flexibility is closely related to environmental changes. It is recognized that 
organizational flexibility can be considered as a way to achieve some forms of control 
in a changing environment. The aspect of this control is demonstrated in the 
definitions of Eppink (1978), Krijnen (1979), Aaker and Mascarenhas (1984) and 
Volberda (1998) where the ability to be flexible facilitates a higher order of control in 
a changing business environment.  
 
Another essential feature of organizational flexibility is responsiveness. Many 
definitions suggest that the response capacity and reaction time to changes are 
important aspects of flexibility (Aaker and Mascarenhas, 1984; Upton, 1995a; 
Volbera, 1998). This refers to the speed with which an organization can react and 
respond to changes without incurring high transaction cost and excessive time 
wastage, which may in turn lead to low productivity and poor performance.  
 
Next, some studies revealed that reversibility is another feature of flexibility (Genus, 
1995; Bucki and Pesqueux, 2000). In relating the feature of reversibility to the 
concept of flexibility, Genus (1995) expressed the view that mistakes or errors in 
strategic decision may first be detected and then remedied, and eventually 
completed actions are undone to allow other courses of action to be pursued. In 
practice, full reversibility may not be realistic, but rather firms would learn from their 
mistakes, and could avoid the same mistake when a similar event occurs.    
 
The next feature of flexibility is firms’ continuous learning process. This element of 
continuous learning is manifested in the definitions of Harrigan (1985), Buckley and 
Casson (1998), Hitt et al. (1998) and Oke (2005); where firms need to learn about 
their business environment, in terms of customers’ preferences or threats from 
competitors, and change their game plans accordingly, in order to maintain their 
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competitiveness. Especially in a changing business environment, firms should 
engage themselves in a continuous learning process of developing and coordinating 
their resources and capabilities in order to take advantage of business opportunities 
and overcome threats, fuelled by dynamics of environmental change (Bogner and 
Thomas, 1994; Salaman and Asch, 2003).   
 
The last underlying feature of flexibility that has been identified is associated with 
organizations’ resources and capabilities (Quinn, 1980; Volberda, 1998; Dreyer and 
Gronhaug, 2004). Evans (1991) highlighted that flexibility is widely used to denote a 
firm’s capabilities to manoeuvre defensively or offensively. Sanchez (1995) 
suggested that firms’ flexibility potential is mainly dependent on the inherent 
flexibilities of their resources and coordination capabilities in applying those 
resources to achieve strategic options. Also, Slack (1987) and Carlsson (1989) 
shared the view that organizational flexibility should be determined exclusively by the 
flexibilities of organizations’ resources and processes.  
 
Based on the above discussion, organizational flexibility is defined in this research 
as:   
The ability of an organization to effectively utilize its resources and 
capabilities to respond or readapt, in a timely and reversible manner to 
environmental changes, through a continuous learning process.  
 
3.5 Other defining features of flexibility 
Other than the variety of definitions of organizational flexibility, some studies (Evans, 
1991; Genus, 1995; Swafford et al., 2006) have related organizational flexibility to 
other defining features. Some of these related features are now discussed.   
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3.5.1 Hedging  
According to Genus (1995), hedging is related to flexibility in that the former, as a 
form of business strategies, is adopted to protect and insure things or firms against 
errors or risks. This view is shared by Lim and Wang (2007), who expressed that 
financial hedging allows an organization to be flexible with regard to its environment 
and thus reduces its risk exposures through financial instruments, for example, 
forward and future contracts, swaps and options.  
 
Also, Allanyannis et al. (2001) found that the combined use of operational and 
financial hedging strategies could mitigate firms’ exposure to risk and improve their 
business performance. The former hedging strategy refers to the geographic 
dispersion of firms’ business operations. They further found that the more 
geographically dispersed a firm is, the more likely the firm will use financial 
instruments to mitigate the exchange-rate risk. Heimeriks et al. (2009) and Lyons 
(1991) suggested that operational hedging strategies could be in the form of various 
collaborative working agreements such as alliance, partnering and joint venture.   
 
From the above discussion, it appears that hedging could be considered one of the 
business risk management strategies which provides firms with options to expand 
while minimizing their exposure to risk. Thus, this study argues that the feature of 
hedging could be seen as the defensive role of flexibility, which has been embodied 
in firms’ responsive capabilities towards environmental changes.   
 
3.5.2 Organizational slack 
Like the feature of hedging, organizational slack represents the protective and 
proactive roles of firms’ resources and capabilities. It concerns the use of slack 
resources to buffer the core of an organization from environmental variation, thereby 
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minimizing the need to make substantial changes to the operating core of the 
organization (Pfeffer and Salancik, 1978). Likewise, Hambrick and Snow (1977) 
pointed out that the use of slack resources enable firms to more safely experiment 
with new strategies such as introducing new products and entering into emerging 
markets.  
 
However, organizational slack does have its own disadvantages. For example, the 
possession of excessive resources (such as workers and unused productive 
capacity) could lead to inefficiency and reduced performance resulting from a firm’s 
failure to optimize its available resources to their fullest capacity (Nohria and Gulati, 
1997; Tan and Peng, 2003).  
 
Thompson (1967) considered the merits and demerits of organizational slack, and 
argued that it is important for managers to exercise their discretion in determining, 
developing and managing an acceptable level of slack resources. In this study, the 
feature of organizational slack could be considered as the ability of firms to effectively 
utilize their resources and capabilities in response to environmental changes.  
 
3.5.3 Liquidity  
Evans (1991) related liquidity to flexibility from the perspective of organizational 
assets. An asset is described as ‘liquid’ when it can be readily converted into cash 
with minimal transaction costs and thus it can lead to financial flexibility. It follows that 
the feature of liquidity can be considered, in this study, as the characteristic of firms’ 




3.5.4 Versatility and agility  
The concepts of versatility and agility are often used synonymously with the concept 
of flexibility. Versatility can be seen as firms’ ability to respond to a wide range of 
scenarios in advance (Evans, 1991) by doing different things and applying methods 
and standards in different circumstances (Bahrami, 1998).   
 
Evans (1991) and Sharifi and Zhang (1999) referred to agility as firms’ ability to deal 
with adversities and threats, and subsequently move into an advantageous position. 
Baharami (1998) defined agility as firms’ ability to respond, redefine, refocus, and 
take advantages of opportunities in a timely manner. According to him, both 
versatility and agility are the main ingredients of organizational flexibility. This 
disagrees with Golden et al. (1994), who argued that flexibility is a component of 
agility.  
 
The discussion above suggests similarities among the concepts of flexibility, 
versatility and agility, although there is no consensus whether flexibility is a 
component of agility or vice versa. It can be seen that these three concepts 
emphasize the importance of firms’ ability to utilize their resources and capabilities in 
configuring timely responses to environmental changes.   
 
3.5.5 Strategic renewal 
Genus (1995) pointed out that the dynamic character of ‘strategic renewal’ is relevant 
to understand flexibility because both concepts are used to express how firms react 
to changes in the face of crisis.  According to Huff et al. (1992:55),  
…the need for renewal is never ending. The viable organization must have 
the capacity to frequently improve its alignment with internal and external 
demand…Renewal efforts are characterized as virtually continuous, but 
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pulsing in ways that depart more and less dramatically from the status quo or 
time.  
 
The above suggests that the concepts of flexibility, strategic renewal and 
organizational learning are related. These concepts involve firms to effectively utilize 
their resources and capabilities to respond or readapt to environmental changes 
through a continuous learning process (see Section 3.9.2 for the discussion of the 
organizational learning theory).  
 
3.6 Multi-dimensional perspective of organizational flexibility 
Many studies highlighted the notion that flexibility is an integrative multi-dimensional 
concept rather than an independent variable that can be defined and measured in 
isolation (for example, Slack, 1987; Beach et al., 2000). Despite this recognition, it is 
noted that there is lack of a widely accepted and robust method to assess firms’ 
flexibility (Koste and Malhotra, 1999; Das and Patel, 2002), as exemplified by the 
broad range of measures available. In manufacturing-related studies, these 
measures are considered either as flexibility dimensions and/or flexibility types. 
Corresponding to this, Vokurka and O’Leary-Kelly (2000) highlighted that there is a 
need to develop a generalized set of measures for empirical testing of hypotheses 
about the concept of flexibility.  
 
The focus of this section is to identify and generate a list of different flexibility 
dimensions and flexibility types used for analyzing flexibility. This facilitates the 
development of a set of measures for empirical testing of hypotheses regarding 
organizational flexibility in subsequent phases of this study. An overview of the 
dimensionality and various types of flexibility is now presented.  
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3.6.1 Dimensionality of flexibility 
This section discusses the dimensions of flexibility based on: (i) micro-perspective 
and (ii) macro-perspective of flexibility. This is followed by the categorization of 
dimensions into a simpler framework for empirical testing. 
 
3.6.1.1 Micro-perspective of flexibility  
Ansoff (1965) suggested that firms need to be internally and externally flexible in 
order to cope with unanticipated disturbances. According to him, internal flexibility is 
“as old as business itself…it seeks to provide a cushion for response to catastrophe” 
(p.57), while external flexibility “is best described by the maxim of not putting all of 
one’s egg in a single basket” (p. 55). He added that firms can attain external flexibility 
via (i) a defensive approach pursuing a product-market diversification strategy to 
mitigate the effect of disturbances, and (ii) an offensive approach that involves 
business venturing into areas in which a firm can benefit from likely breakthroughs. 
Upton (1994) described external flexibility as firms’ capabilities to accommodate a 
source of environmental variability, whereas internal flexibility is the operational 
strategy and set of capabilities which a firm nurtures in order to respond to its 
environment. 
 
Eppink (1978) related his concept of active and passive flexibility to Ansoff’s (1965) 
original notion of internal and external flexibility. He described active flexibility as the 
response capacity of an organization to its environment, and argued that his concept 
of active flexibility is much wider in scope than Ansoff’s original notion of internal 
flexibility. Next, he described passive flexibility as “the possibility to limit the relative 
impact of a certain environmental change” (p.10).  
 
 76 
Carlsson (1992) pointed out that organizational flexibility can be characterized into 
two dimensions, i.e., static and dynamic. He described static flexibility as the ability to 
deal with foreseeable changes (for example, fluctuations in demand), whereas 
dynamic flexibility as the ability to deal with uncertainty in the form of unpredictable 
events (for example, new products and new competitors). This notion by Carlsson 
(1992) suggested that flexibility can be used as a tool to deal with both foreseeable 
and unforeseeable changes. 
 
Next, Gerwin (1993) suggested that organizational flexibility can be of either reactive 
or proactive in nature. The reactive nature of flexibility aims to improve organizational 
responsiveness in the face of unanticipated disturbances (Gerwin, 1993; Koste, 
1999). Considering the rapid changes in the manufacturing industry, Koste (1999) 
suggested that the reactive ability of an organization is a key towards sustaining 
organizational competitiveness. On the other hand, the proactive nature of flexibility 
allows organizations to “redefine market uncertainties” (Gerwin, 1993:396) or 
“influence what customers have come to expect from a particular industry” (Gerwin, 
1993:397). In fact, the proactive nature of flexibility can offer competitive advantages 
to an organization through creation of new competitive uncertainties for its rivals. This 
phenomenon is recorded in the ‘Honda and Yamaha motorcycle war’ reported in 
Gerwin’s (1993) study.  
 
3.6.1.2 Macro-perspective on flexibility  
Many studies considered flexibility along three dimensions (Carlsson, 1989; Hayes 
and Pisano, 1994; Buckley, 1997): (i) operational flexibility; (ii) tactical (or structural) 
flexibility; and (iii) strategic flexibility. Operational flexibility is often seen as a short-
term flexibility potential pertaining to day-to-day operations (Galbraith, 1990; Suarez 
et al., 1995; Johnson et al., 2003), or a routine manoeuvring capacity comprising 
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routines that are formulated based upon existing structures and goals of an 
organization (Volberda, 1997). This ability tends to be reactive in nature and enables 
firms to respond to changes that they are familiar with in a timely manner (Carlsson, 
1989; Volberda, 1997). Such changes often lead to temporary, short-term fluctuation 
in firms’ level of business activity (Carlsson, 1989; Suarez et al., 1995).  
 
Volberda (1997) argued that though the variety in the environment may be high, the 
sort of combinations is realistically predictable so that a firm, on the basis of its 
experience and extrapolation, is able to develop certain routines to reduce any short-
term uncertainty. This suggests that a firm’s learning process will determine its 
operational flexibility potential. Sethi and Sethi (1990) viewed that firms’ operational 
flexibility is a determinant of speed and cost of response, reinvestment, and degree 
of interruption in their existing systems and processes. Consistent with these, 
Johnson et al. (2003) pointed out that a higher level of operational flexibility enables 
a firm to shorten the time between planning and implementation through quick 
adjustments, and thus enhances the firm’s ability to improvise and respond to short-
term fluctuation.  
 
Turning to tactical flexibility, this dimension of flexibility potential is related to firms’ 
decisions-making process concerning ‘when’ and ‘how’ to implement strategic 
options generated in the face of any moderate level of environmental changes 
(Carlsson, 1989; Frederick, 2005). This description of tactical flexibility is similar to 
that of Volberda’s (1997; 1998) structural flexibility dimension. According to Volberda 
(1997; 1998), structural flexibility can be seen as a firm’s adaptive manoeuvring 
capacity that allows its management to adapt its decision and communication 
processes within a given structure as well as the speed at which the desired outcome 
can be accomplished. He subsequently classified structural flexibility into internal and 
external aspects of an organization.  
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Volberda (1997) explained that, in a dynamic and vibrant business environment, a 
firm needs to possess a superior internal structural flexibility or intra-organizational 
flexibility to facilitate the renewal or transformation of its current processes. For 
external structural flexibility (also known as inter-organizational flexibility), he 
suggested that firms should foster relationship building with their supply chain parties 
in supporting and sheltering new technologies or developing new products or 
markets. He noted that a superior level of structural relations with external parties 
could enhance a firm’s ability to engage in new developments.   
 
In terms of strategic flexibility, many studies shared the view that this flexibility 
dimension involves the creation, maintenance, and realization of options for a firm’s 
future (Buckley, 1997; Johnson et al., 2003). Extant definitions often suggest that 
strategic flexibility hinges on firms’ ability to adopt measures or actions, which are of 
non-routine and unstructured in nature, in response to changes within the business 
environment (Evans, 1991; Volberda, 1997). This dimension becomes vital when 
firms face unfamiliar changes that exhibit far-reaching consequences and require 
rapid responses (Carlsson, 1989; Volberda, 1997).  
 
On account of the unstructured and non-routine nature of occurrences, firms usually 
have no specific experience or routine solution to deal with the changes involved. In 
most cases, to respond to changes, firms may require to shift or replicate their 
resource portfolio, internally modify their strategies, and/or increase or decrease their 
range and mobility (Harrigan, 1985; Frederick, 2005). Here, ‘range’ refers to the 
number of options available and ‘mobility’ is the time, cost and effort involved in 
response to changes (Koste and Malhotram, 1999; D’Souza and Williams, 2000). 
From another perspective, firms’ strategic response can be externally-oriented via: (i) 
influencing clients through marketing and promotions (Mascarenhas, 1982); (ii) 
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creating new product market combinations (Krijnen, 1979); and (iii) using market 
power to deter entry and control competitors (Porter, 1980). Under such 
circumstance, new values and norms are vital, and past experience may not provide 
any upper hand since the creation of new activities in new situations become 
essential (Volberda, 1997). In comparison, Frederick (2005) noted that the 
associated costs, risks and coordination efforts in developing one’s strategic flexibility 
are higher than those found under conditions of operational or tactical flexibility.  
 
Meta-flexibility is the other flexibility dimension initiated by Volberda (1997), who 
defined it as a firm’s monitoring or learning system. According to him, meta-flexibility 
involves “the processing of information to facilitate the continual adjustment of the 
composition of management's flexibility mix in line with changes in the environment”. 
Volberda (1998) and Llorens et al. (2005) added that meta-flexibility involves a 
continual learning and unlearning process of creating new flexibility capabilities, 
integrating existing ones, and improving old ones or even unleashing inappropriate 
options in the flexibility mix. Thus, Llorens et al. (2005) pointed out that meta-
flexibility is important for firms’ business operation in that it supports and sustains 
their flexibility potential in a changing competitive environment. According to 
Volberda (1998), firms require higher-order learning capabilities in order to achieve 
meta-flexibility as compared to the other three flexibility dimensions.  
 
3.6.1.3 Flexibility dimensions 
Based on the above review, it appears that flexibility could be studied by its 
dimensions for empirical testing in subsequent stages of this study. Table 3.2 shows 
flexibility dimensions: (i) operational flexibility; (ii) tactical or structural flexibility; (iii) 
strategic flexibility; and (iv) meta-flexibility.  
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Strategic flexibility Meta-flexibility 
Internal and external Internal and external Internal and external Internal and external 
Reactive  Reactive/proactive Proactive Reactive/proactive 
Static Static/dynamic Dynamic  Static/dynamic 
Active Active/ passive Active  Active/ passive 
 
It can be seen that individual dimensions have taken into consideration several 
notions of flexibility suggested by various studies. The review attests that Ansoff’s 
(1965) notions of internal and external flexibilities can occur in all four categories, 
whereby firms can achieve different dimensions of flexibility by means of their internal 
processes and external business activities. Besides this, it appears that operational 
flexibility comprises the characteristics of Gerwin’s (1993) reactive flexibility, 
Carlsson’s (1992) static flexibility, and Eppink’s (1978) active flexibility. All these 
flexibility dimensions emphasize firms’ response capability to improvise and 
reconfigure their existing systems and processes in response to environmental 
changes, which are of a short-term fluctuation nature.  
 
In terms of tactical flexibility, it appears that this dimension can be considered in term 
of the four pairs of flexibility dimensions suggested by Ansoff (1965), Eppink (1978), 
Carlsson (1992) and Gerwin (1993). It is because tactical flexibility emphasizes firms’ 
adaptive manoeuvring capacity (i.e., how and when to implement strategic options) in 
response to environmental changes, which could be of predictable or unpredictable 
nature. For example, tactical flexibility could be dynamic and proactive, while static 
and reactive, in that firms build partnership relationships with external organizations 
to develop new products or venture into new markets, and at the same time, cultivate 
responsive behaviour within their supply chain relationships that may help to improve 
the firms’ response capabilities. Likewise, the strategic flexibility dimension could be 
of proactive and dynamic nature since it involves firms’ endeavour to create, maintain 
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and build new options that enable them to implement measures or actions, which are 
non-routine and unstructured in nature, in response to marketplace changes.  
 
As for meta-flexibility, it can be seen as firms’ learning processes whereby the firms 
encode inferences from history into routines that guide their behaviour in developing 
and managing different dimensions of flexibility, which may include operational, 
tactical and strategic flexibility. It follows that meta-flexibility is not considered in this 
study as a dimension of organizational flexibility, but rather as part of an 
organization’s learning culture, because this dimension is likely to influence the other 
three dimensions.  
 
Based on the above review, the first hypothesis is set out as follows:   
H1: Organizational flexibility (Y) can be characterized by three dimensions: (i) 
operational flexibility (YOF); (ii) tactical flexibility (YTF); and (iii) strategic flexibility 
(YSF). 
 
3.6.2 Types of flexibility 
This section examines the types of flexibility potential, which could be grouped into 
their respective dimensions, for evaluating a firm’s flexibility. It is recognized that the 
dominant contribution of previous studies was the development of various flexibility 
types for assessing firms’ flexibility (Sethi and Sethi, 1990; Upton, 1994; Beach et al., 
2000). According to Parker and Wirth (1999), the taxonomy of flexibility types 
developed by Browne et al. (1984) formed the foundation for many subsequent 
studies, which attempted to measure flexibility. Sethi and Sethi (1990) however found 
that at least 50 different terms were adopted by previous studies to define various 
types of flexibility, which are of similar nature, and criticized the lack that their 
definitions are not always specific and at times, even similar terms are inconsistent 
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with one another. Following this, they refined Browne et al.’s (1984) original 
taxonomy of nine flexibility types into a 12-item instrument, i.e., including three new 
flexibility types.  
 
However, Beach et al. (2000) highlighted that the development of a generic 
taxonomy remains underachieved due to the multi-dimensionality concept of 
flexibility. They expressed the view that many studies underestimated the 
significance of understanding the implications of acquiring and implementing 
flexibility from both operational and strategic dimensions. According to them, the 
exact constructs, representing different flexibility dimensions, are less important than 
the ability of the firm’s management to articulate and contextualize the need for it, 
i.e., flexibility types, under different scenarios. This is especially true since different 
organizations may exhibit different types of flexibility (Slack, 1983).   
 
In line with the above, Oke (2005) recognized that there is no general consensus on 
the nature and definitions of individual flexibility types, despite the previous efforts in 
developing a generic taxonomy of flexibility types. He added that the endeavours in 
developing a generic taxonomy have created at least two problems: (i) different terms 
have been used to define the same type of flexibility, and (ii) failure to differentiate 
between how flexibility can be delivered by the external and internal aspects of an 
organization.   
 
Recognizing the complications in developing a generic taxonomy for assessing firms’ 
flexibility, a four-stage development process was adopted in this study (see Figure 
3.1). This process is consistent with Green et al.’s (2004) framework for learning 
across different business sectors, i.e., aerospace and construction sectors. They 
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pointed out that the principles of understanding, contextualization and re-




Figure 3.1 Four-stage process for developing a generic taxonomy for assessing 
firms’ flexibility 
 
Corresponding to Stage 1 of the development process, Table 3.3 summarizes the 
various types of flexibility extracted from previous studies. Overall, 22 terms, 
representing various types of flexibility, were identified. It can be seen that most of 
the flexibility types identified have been widely defined among several studies, but no 
consensus was obtained. Also, several terms were used by previous studies to 
characterize flexibility types that are of similar nature. For example, two different 
terms, i.e., ‘modification’ and ‘changeover’, were used to characterize a similar type 
of flexibility potential, i.e., ‘the ability of a manufacturing system to effectively 
implement changes to firms’ products’. To deal with the overlapping concern, efforts 
were made to filter and combine similar flexibility types into a single term based on 
their proposed meanings, i.e., Stage 2 – the streamlining process in Figure 3.1.  
 
Stage 1: Identification and comprehension 
Identifying and understanding various types of flexibility proposed by previous 
studies. 
Stage 2: Streamlining 
Filtering and combining the types of flexibility that are of similar nature.  
Stage 3: Operationalization and contextualization 
Operationalizing and contextualizing streamlined flexibility types into a general 
business context.  
Stage 4: Re-contextualization 
Re-contextualizing the operationalized flexibility types into the context of the 
construction industry. 
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As shown in Table 3.4, a total of 15 terms, characterizing individual flexibility types, 
were identified following the streamlining process. This indicates that the concept of 
flexibility can be operationalized into 15 flexibility types, and in turn, these items could 
be used for subsequent assessment of firms’ flexibility. As can be seen from Figure 
3.1, these items were subjected to a contextualization-then-re-contextualization 
procedure in an attempt to generate a more meaningful and applicable definition for 
individual items within the context of the Singapore construction industry. This step is 
considered necessary since these items were originally defined based on the context 
of the manufacturing industry. It follows that the operationalized items were first 
contextualized into a general business context to allow an easier interpretation of 
definitions of individual items. Then, these contextualized items were re-
contextualized and refined based on expert opinions in the exploratory phase of this 
study using a face-to-face interview approach (see Section 5.3).  
 
The interviews revealed that most of the identified flexibility types are applicable to 
the Singapore construction industry. Of the 15 flexibility types, all interviewees (see 
Section 5.3.2 for the profile of interviewees) highlighted that program flexibility (F13) 
is less applicable in the context of the Singapore construction industry and should be 
eliminated from the list (appended as Appendix B). Also, the interviews revealed that 
labour flexibility (F3) should be re-classified and re-defined into two flexibility types, 
which were subsequently labelled as numerical flexibility (F3) and functional flexibility 
(F4) (see Section 5.3.3.3 for further discussions).  
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Table 3.3 Definitions of flexibility types   
No. Flexibility types Definitions Authors 
1 Changeover The ability of a manufacturing system to effectively handle additions and subtraction to the products mix over time Pagell and Krause (2004) 
2 Delivery The ability to effectively respond to changes in planned delivery dates Pagell and Krause (2004) 
The capabilities of building a system and expanding it as needed, easily and modularly Browne et al. (1984) 
The ease with which the manufacturing system capacity and capability can be increased when needed. 
Sethi and Sethi (1990) 
Wainwright and Bateman (1998) 
The number and heterogeneity (variety) of expansion which can be accommodated w/o  incurring  high 
transition penalties or large changes in performance outcomes Koste and Malhotra (1999) 
The ability to easily add capacity or capabilities to the existing system Parker and Wirth (1999) 
3 Expansion  
The ability to handle long-term increases in demand. It is related to handling variation of demand, or 
rather uncertainty of demand Kara and Kayis (2004) 
4 Financial It enables organization to have the ability to integrate, construct and re-shape those financial resource in the face of environmental changes Llorens et al. (2005) 
The number and heterogeneity (variety) of tasks/operations a worker can execute without incurring high 
transition penalties or large changes in performance outcomes Koste and Malhotra (1999;2000) 
The ability to change number of workers, task performed by workers and other worker responsibilities Yadav et al. (2000) 
5 Labour 
The ability of the workforce to perform a broad range of manufacturing tasks effectively Wainwright and Bateman (1998) 
The availability of a range of options and the ability to effectively exploit them so as to adapt the process 
of controlling the flow and storage of materials, finished goods, services, and related information from 
origin to destination in response to changing marketplace condition. It enables an organization to adapt its 
delivery schedule to unpredictable or rapidly changing customer requirement 
Swafford et al. (2006) 
6 Logistic  
The ability to ensure that smooth flow of material, which facilities the production and deliveries of high-
quality value added products Porter and Miller (1985)  
7 Machine The ease of making changes required to produce a given set of part types Browne et al. (1984) 
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No. Flexibility types Definitions Authors 
The various types of operations that the machine can perform without requiring a prohibitive effort in 
switching from operation to another 
Sethi and Sethi (1990) 
Wainwright and Bateman (1998) 
Yadav et al. (2000) 
The number and heterogeneity (variety) of operation a machine can execute without incurring high 
transition penalties or large charges in performance outcomes Koste and Malhotra (1999) 
The ability to perform a variety of operations on a single machine Parker and Wirth (1999) 
8 Market The ease of which the manufacturing system can adapt to a changing market environment 
Sethi and Sethi (1990) 
Wainwright and Bateman (1998) 
9 Material The ability to make parts with alternative composition and dimension of raw material Yadav et al. (2000) 
The ability to move different part types efficiently for proper positioning and processing through the 
manufacturing facility in serves 
Sethi and Sethi (1990) 
Wainwright and Bateman (1998) 
Yadav et al.  2000 10 Material handling The number of existing paths between processing centers and the heterogeneity (variety) of material 
which can be transported along those paths w/o incurring penalties or large changes in performance 
outcomes 
Koste and Malhotra (1999) 
The ability of a manufacturing system to effectively produce a wide range of different products Pagell and Krause (2004) 
The number and heterogeneity (variety) of products which can be produced w/o  incurring  high transition 
penalties or large changes in performance outcomes Koste and Malhotra (1999;2000) 11 Mix 
The ability of the system to respond quickly and economically to different product mix changes in the 
market Wainwright and Bateman (1998) 
The ability of a manufacturing system to effectively implement minor changes in current products that 
result from corrective actions or changing customer requirement Pagell and Krause (2004) 
The number and heterogeneity (variety) of product modification which are accomplished w/o incurring 
high transition penalties or large changes in performance outcomes. Koste and Malhotra (1999, 2000) 12 Modification 
The ease of producing minor alternations in product design to meet customization or differentiation 
requests Narasimhan et al. (2004) 
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No. Flexibility types Definitions Authors 
The number and heterogeneity (variety) of new products which are introduced into production w/o 
incurring high transition penalties or large changes in performance outcomes Koste and Malhotra (1999;2000) 13 New product 
The ability of the system to introduce and make new parts and products, using existing facilities  Narasimhan et al.(2004) 
The ability to interchange the ordering of several operations for each part type Browne et al. (1984) 
The ability to produce a part using alternative operations or sequence of operation Sethi and Sethi (1990) 
The number of products which have alternate sequencing plans and the heterogeneity (variety) of the 
plan used w/o incurring  high transition penalties or large changes in performance outcomes Koste and Malhotra (1999;2000) 
The ability to be produced in different ways with alternative process plans by either an interchange or a 
substitution of certain operations  Yadav et al.  (2000) 
14 Operation  
The ability to be produced in different way Wainwright and Bateman (1998) 
The ability to produce a given set of part types, each possibly using different materials, in several ways Browne et al. (1984) 
The set of part types that the system can produce without major setups 
Sethi and Sethi (1990) 
Wainwright and Bateman (1998) 
Yadav et al. (2000) 
The ability to change between the production of different products with minimal delay Parker and Wirth (1999) 
15 Process 
The costs associated to the plant capability of producing different items usually grow with the number of 
item Garavelli (2003) 
16 Procurement The availability of a range of options and the ability of the purchasing process to effectively exploit a range of options so as to respond to changing requirements related to the supply of purchase component  Swafford et al. (2006) 
The ability to changeover to produce a new product very economically and quickly Browne et al. (1984) 
The ease with which new parts can be added or substituted for existing parts 
Sethi and Sethi (1990) 
Wainwright and Bateman (1998) 
The ability to change the mix of products in current production Parker and Wirth (1999) 
17 Product 
The ease with which the part mix currently being produced can be changed inexpensively and rapidly Yadav et al. (2000) 
18 Production The universe of part types that the flexibility management system can produce Browne et al. (1984) 
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No. Flexibility types Definitions Authors 
The universe of part types that the manufacturing system can produce without adding major capital 
equipment 
Sethi and Sethi (1990) 
Wainwright and Bateman (1998) 
Yadav et al. (2000) 
19 Program The ability of the system to run virtually untended for a long enough period 
Sethi and Sethi (1990) 
Wainwright and Bateman (1998) 
Yadav et al. (2000) 
The ability to handle breakdown and to continue producing the given set of part types Browne et al. (1984) 
The ability to produce a part of alternative routes through the system 
Sethi and Sethi (1990) 
Wainwright and Bateman (1998) 
Yadav et al. (2000) 
The number of products which have alternate routes and the extent of variation among the routes used 
w/o incurring high transition penalties or large changes in performance outcomes Koste and Malhotra (1999) 
20 Routing 
The ability to take a variety of alternative paths through the system, visiting various machines during its 
manufacture, and this accommodating changes in machine availability Parker and Wirth (1999) 
21 Spanning The ability to ensure that different department or groups can coordinate product design, production and delivery in ways that add value to customers Zhang et al. (2003) 
The ability to operate a flexibility manufacturing system profitably at different production volume Browne et al. (1984) 
The ability of the manufacturing system to be operated profitability at different levels of overall output 
Sethi and Sethi (1990) 
Wainwright and Bateman (1998) 
Yadav et al. (2000) 
The ability to change the volume of output of a manufacturing process Gerwin (1987) 
The ability to effectively increase or decrease aggregate production in response to customer Pagell and Krause (2004) 
The ability to operate efficiently, effectively and profitably over a range of volume Parker and Wirth (1999) 
22 Volume 
The ability of plant to operate economically over a range of production volumes Narasimhan et al. (2004) 
  89
Table 3.4 Streamlining and contextualization of flexibility types 
Code Terms Proposed definitions 
F1 Modification/changeover 
flexibility 
The ability to modify its operational structure without 
major restructuring in the face of environmental 
changes. 
F2 Financial flexibility The ability to integrate, construct and re-shape those 
financial resources in the face of environmental 
changes. 
F3 Labour flexibility The ability to change number of workers, tasks and 
responsibilities performed by workers. 
F4 Expansion flexibility The ability to add and expand business capacity as and 
when it is needed without incurring high transition costs 
or major investment. 
F5 Market flexibility  The ability to operate in different market conditions. 
F6 Operation/Routing/ 
Production flexibility 
The ability to adopt a range of alternative routes or 
options in response to environmental changes and 
clients’ needs. 
F7 Volume flexibility The ability to operate efficiently, effectively and 
profitability in response to current market demand. 
F8 Machine flexibility The ability of equipments or machines to perform or 
modify to suit variety of operations without incurring high 
transaction penalties or large charges in performance 
outcomes. 
F9 Material flexibility The ability to make or produce products using alternative 
compositions and dimensions of raw materials. 
F10 Process flexibility  The ability to change procedures and technologies in 
response to changes in clients’ need or the business 
environment.   
F11 Procurement flexibility  The ability to effectively exploit a range of purchasing 
processes or options in response to changes in clients’ 
need and/or the business environment. 
F12 Product /mix/new 
product flexibility  
The ability to effectively provide a range of products and 
services aligned with changes in clients’ needs or the 
business environment. 
F13 Program flexibility   The ability of an organization to upgrade its 
technological system without incurring high transaction 
penalties. 
F14 Spanning flexibility The ability to integrate different business units (i.e., 
internal functions and external firms) in producing and 
delivering value added products and services for clients. 
F15 Logistic/ 
Delivery/Material 
handling flexibility  
The ability to effectively respond to changes in the 
delivery schedule due to unpredictable changes in 
clients’ requirements or the business environment. 
 
3.7 Determinants of organizational flexibility 
The determinants of organizational flexibility are now considered. Despite much work 
done regarding flexibility in manufacturing, Beach et al. (2000) recognized that little 
attention has been given to the method of acquiring various flexibility types, as 
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identified in the earlier discussion. According to them, firms’ flexibility potential is, to a 
large extent, influenced by six determinants. They are: (i) organizational culture; (ii) 
management structure; (iii) facility layout; (iv) information technology; (v) process 
technology; and (vi) human resource. Some of these determinants have also been 
identified by Kara and Kayis (2004) and Volberda (1998). The former considered 
firms’ employees, organizational structure, information and process technologies as 
the important channels for delivering flexibility. The latter highlighted organizational 
culture, structure and technology are the important aspects of a flexible firm. 
  
 
Vokurka and O’Leary-Kelly (2000) pointed out that it is vital for firms to understand 
their business conditions, and then integrate various key resources and capabilities 
in order to achieve required flexibility dimensions and types in response to changes 
within the business environment. They identified six determinants of organizational 
flexibility: (i) business strategy; (ii) technology; (iii) supplier involvement; (iv) firm size; 
(v) organizational structure; and (vi) human resource.  
 
Likewise, many studies have collectively highlighted a similar list of determinants of 
organizational flexibility. Of these, some studies focus specifically on how individual 
determinants (for example, information technologies or human resources) contribute 
to firms’ flexibility potential (see Section 2.6 for the review of construction-related 
studies done on flexibility management). Table 3.5 summarizes the various 
determinants of organizational flexibility identified in previous studies. These 
identified determinants will be discussed and operationalized in Chapter 4. Overall, it 
can be seen that seven determinants of organizational flexibility were identified 




Table 3.5 Determinants of organizational flexibility 
Determinants Authors 
Organizational culture/ 
organizational learning culture  
Lansley et al. (1979); Volberda (1992, 1998); Walker 
and Loosemore (2003); Yukl and Lepsinger (2004); 
Wang and Li (2007).  
Organizational structure  Lansley et al. (1974; 1975); Mintzberg (1979); Carlsson 
(1989); Male (1991b); Flanagan (1994); Lansley 
(1994); Volberda (1992, 1998); Handa and Adas (1996); 




skills and behaviour  
Lansley et al. (1979); Lansley (1987); Wright et al. 
(1994); Ofori and Debrah (1998); Koste and Malhorta 
(1999); Beach et al. (2000); Kalleberg (2001); 
Loosemore et al. (2003); Raiden et al. (2004); Kara and 
Kayis (2004); Bhattacharya et al. (2005). 
Information and process 
technologies /Technological 
capabilities  
Betts (1991); Volberda (1992, 1998); Golden and Powell 
(2000); Beach et al. (2000); Vokurka and O’Leary-Kelly 
(2000); Gil et al. (2005); Ekstrom and Bjornsson 
(2005).   
Supply chain capabilities  Hillebrandt and Cannon (1990); Genus (1995); Suarez 
et al. (1995; 1996); Vickery et al. (1999); Langford and 
Male (2001); Duclos et al. (2003); Sanchez and Perez 
(2005); Chang et al. (2006). 
Business strategies  Ansoff (1965); Hillebrandt et al. (1995); Quinn and 
Hilmer (1998); Young-Ybarra and Wiersema (1999); 
Vokurka and O’Leary-Kelly (2000); Starkey et al. (2001). 
Size  Neilsen (1974); Mintzberg (1979); Fiegenbaum and 
Karnani (1991); Chen and Hambrick (1995). 
Note: Names in bold denote studies done in construction 
 
This study focused only on large and medium sized firms (see Sections 1.7 and 
5.5.4). The sampling frame of the study was subjected to a filtering process with the 
intention to enhance the validity of results. Only a total of 91 large and medium-sized 
contractors who have ingrained a considerable degree of flexibility capacity in 
response to changes within the industry, exemplified by their capability to tide over 
the unprecedented 1997 – 2005 economic downturn in the construction industry, 
were selected for this study. Taking into consideration the low response rate that 
characterizes most studies involving construction practitioners in Singapore (Tan, 
1995), it appears impractical to consider firm size in the model development (i.e., 
medium vs. large) since the sample of 91 contractors is made up of only 38 medium- 
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and 53 large-sized contractors. Even with 100% response rate for the medium-sized 
group, a data sample of 38 sets is still considered to be small for modelling purposes.  
 
Therefore, this study focused on the following determinants of organizational 
flexibility: (i) organizational learning culture (X1); (ii) organizational structure (X2); (iii) 
employees’ skills and behaviour (X3); (iv) technological capabilities (X4); (v) supply 
chain capabilities (X5); and (vi) business strategies (X6). The inclusion of these six 
determinants into the conceptual framework for organizational flexibility was 
substantiated by the interview findings obtained in the exploratory phase (see 
Section 5.3.3.2).  
 
3.8 Conceptual framework for organizational flexibility 
Figure 3.2 shows the conceptual framework for organizational flexibility in 
construction businesses. It can be seen that organizational flexibility may comprise 
three dimensions: (i) operational flexibility (YOF); (ii) tactical flexibility (YTF); and (iii) 
strategic flexibility (YSF) (see Section 3.6.1.3), which could be operationalized into 15 
flexibility types: (i) modification flexibility (F1); (ii) financial flexibility (F2); (iii) 
numerical flexibility (F3); (iv) functional flexibility (F4); (v) expansion flexibility (F5); 
(vi) market flexibility (F6); (vii) operation flexibility (F7); (viii) volume flexibility (F8); (ix) 
machine flexibility (F9); (x) material flexibility (F10); (xi) process flexibility (F11); (xii) 
procurement flexibility (F12); (xiii) product flexibility (F13); (xiv) spanning flexibility 
(F14); and (xv) logistic flexibility (F15) (see Section 3.6.2). However, it is recognized 
that some of the flexibility types may not be applicable in the context of the 
construction industry. The relevance and practicality of the flexibility dimensions and 
their respective flexibility types are tested in the subsequent fieldwork (see Section 
5.5), which in turn, determine the appropriateness of the flexibility dimensions and 





Figure 3.2 Conceptual framework for organizational flexibility  
 
The conceptual framework also shows six possible determinants (see Section 3.7) 
that may help firms to attain organizational flexibility. These determinants are 
discussed in Chapter 4.  
 
Figure 3.2 also shows the element of ‘environment’. It is hypothesized that the 
environment, within which firms operate, plays an important role in influencing the 
firms’ behaviour towards attaining flexibility, in their attempts to respond to 
marketplace changes for their continued existence. Environment factors are 
discussed in Section 4.8.  
 
Theories underpinning the relationship between organizations and their environment 
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3.9 Theories to underpin the conceptual framework 
In this study, efforts were made to integrate four vital perspectives of organizational 
studies. These are: (i) the dynamic contingency view of firms (Child, 1972); (ii) the 
organizational learning perspective (Cyert and March, 1963); (iii) the resource-based 
view of firms (Penrose, 1995); and (iv) the complex adaptive system perspective 
(Prigogine and Stengers, 1984). These theories focus on the organization-
environment relations, positing that the environment plays an important role in 
influencing organizations’ behaviour to attain flexibility in their attempts to respond to 
changes within the business environment for their continued existence. This is 
consistent with the views of Hillebrandt et al. (1995) and Kale and Arditi (1998; 2003) 
that the behaviour of construction firms is closely linked to the environment within 
which they operate.  
 
3.9.1 Contingency theories 
In studying the contingency view of firms, three predominant theories are often 
discussed. They are: (i) static contingency; (ii) population ecology; and (iii) dynamic 
contingency. The static contingency theory was pioneered by Burns and Stalks 
(1961), Woodward (1965) and Lawrence and Lorsch (1967), who conceptualized the 
‘goodness of fit’ between organizational forms and contingencies. This theory 
postulates that: (i) organizational viability is dependent upon a fit between an 
organization and its context (Pennings, 1987), and (ii) an organization reacts, in a 
predictable way, to different business conditions via adjusting its organizational 
purpose and shaping its structure (Miles and Snow, 1978).  
 
The population ecology theory was initiated by several organizational theorists (for 
example, Campbell, 1969; Aldrich and Pfeffer, 1976; Hannan and Freeman, 1977) 
who examined the effect of social, economic and political conditions on the relative 
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abundance and diversity of organizations within a ‘population’. Hannan and Freeman 
(1977) defined ‘population’ as a group of organizations operating within a similar 
environment. This theory postulates that the environment is the sole determinant of 
organizational survival (Hannan and Freeman, 1989). Organizations that best fit with 
their environment will be selected and retained and will survive, whereas obsolete 
organizations will be weeded out by environmental dynamism (Perrows, 1986; 
Hannan and Freeman, 1989).  
 
However, it is noted that the theories of static contingency and population ecology 
have being criticised by many organizational theorists due to their strong 
deterministic and biased nature. Both theories incorporated the assumption that 
‘organization’ and ‘environment’ are real, material and separate just as they appear 
to be in a biological world (Smircich and Stubbart, 1985). According to Volberda 
(1998), what individuals consider as their environment is created not only by their 
imperfect perceptions of the material objective environment but also by their actions 
and accompanying intellectual efforts to make sense out of them. This means that 
organizations and their environments are interrelated, and can be seen as a socially 
construed phenomenon.  
  
Consonant with the above view, Morgan (1986:74) pointed out that it is a mistake to 
assume that “organizations need to adapt to their environment, as static contingency 
theorists suggest, or that environments select the organizations that are to survive, 
as the population ecologists assert”. Notwithstanding the opposing standpoints of 
these two theories, they mutually considered organizations as inert agents that are 
largely dependent upon external environmental forces, rather than recognizing them 
as active agents that interact closely with the dynamisms of their environment. This 
stereotyped and deterministic conception of the organization-environment 
relationship largely ignores the role of managerial choice in the adjustment process. 
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As a result, the dynamic contingency view of firms, focusing on the importance of 
managerial choice or strategic choice, has gained its popularity among organizational 
theorists. In some cases, it is known as neo-contingency theory (Donaldson, 2001).  
 
Thompson (1967) is among one of the pioneers who recognized the dynamic 
contingency mode of organizations. In his work ‘Organizations in Action’, Thompson 
(1967) presented an integrated contingency design model that combines the rational, 
natural and open system perspectives of organizations, suggesting how dynamic 
organizations, through the actions of their decision-makers or dominant coalition, 
integrate both environmental and technological aspects into their organizational 
structure and process designs. Following the three organizational levels (i.e., the 
technical, managerial and institutional levels) proposed by Parsons (1960), 
Thompson (1967) argued that these three levels within any organizational structure 
are differentially open to environmental influences.  
 
Next, Child (1972) argued that organizations are not as tightly coupled to the 
environment as attested in both static contingency and population ecology theories, 
and called for more dynamic approaches in studying the interchanging relationship 
between organizations and their environments. He noted that, due to imperfections in 
market conditions, decision-makers exercise their discretion in pursuing other 
courses of action, which often requires them to constantly review and readjust their 
standards of performance and appropriateness of structural designs. This view is 
shared by Pfeffer (1982; 1997) and Perrow (1986), who pointed out that the 
fundamental activity of decision-makers within any organization is to control, 
coordinate and employ resources in the way that is most beneficial to the 
organization. In this process, the standard of performance sought and the trade-off 
between performance and other managerial objectives are both elements of strategic 
choice relating to the environment concerned (Child, 1972). According to Miles et al. 
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(1974:250), “...in enacting [sic] to its environment, the organization has, in part, 
defined its domain. An organization’s domain consists of those activities it intends to 
pursue, and in choosing a domain of activity, the organization simultaneously 
determines its pattern of interdependence with elements of the environment...”  
 
In supporting their arguments on organizational strategic choice, Child (1972) and 
Miles et al. (1974) mutually maintained that the effects of the environment on 
organizations are largely mediated through the filter of managerial perceptions and 
organizations’ choice of domains. Therefore, Pfeffer (1982) noted that, under the 
sphere of the dynamic contingency view, organizations are becoming more 
autonomous in selecting their: (i) business domains; (ii) strategic responses within 
those chosen domains to produce equal standards of performance; and (iii) target 
standards of performance for those chosen domains within a broad limit. This puts 
organizations in a more active role to determine their continued existence.   
 
The view, that organizations are not always passive recipients of environmental 
influence but also active agents that could reshape and influence the environment of 
their chosen business domains, has been progressively accepted by many 
organizational researchers. Among them, Weick (1979) has been one of the most 
active supporters of the view that organizations can reshape their environment, 
instead of passively waiting for the natural selection process of their environment to 
select them into or out of the environment. Instead of adopting the three-stage 
‘variation-selection-retention’ cyclical model, as portrayed in the population ecology 
theory, he substituted the process of ‘variation’ with ‘enactment’ in the first stage of 
the model so as to emphasize the more active role of decision-makers in defining the 
environment which they would deal with.  
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Following that, many neo-contingency advocates (Donaldson, 2001; Miles and Snow, 
1978) maintained that adaptation is a dynamic process that integrates both 
managerial actions and environmental forces, striving towards an optimal choice for 
the organization concerned. In this case, this runs to the extreme opposite end of the 
static contingency and population ecology theories which focused on the concept of 
‘fits’ rather than on the process by which they were achieved. To a large extent, as 
suggested by Volberda (1998), too much emphasis on the optimal fit between an 
organization and its environment will cause organizational inertia, which could  
eventually lead to business failure since “too much fit breeds complacency” (p.51).  
 
Many studies have recognized the possible destructive effects of organizational 
complacency, and suggested that it could be one of the main causes that lead to the 
failure of good companies (Sull, 1999; Sheth, 2007). According to Sull (1999) and 
Jayachandran and Varadajan (2006), when successful companies face dramatic 
environmental shifts, they often fail to respond effectively because they tend to 
persist in their established patterns of behaviour and procedures, and neglecting the 
need to identify and analyze opportunities and threats which their organizations might 
encounter in a changing competitive environment. Sull (1999) referred to this 
persistence or rigid devotion as active inertia, and exemplified its detrimental impact 
in relation to the business failures of two companies that were once the leading 
player of their industries: They are: Firestone Tire and Rubber and Laura Ashley. It 
was reported that both companies were trapped in the mode of thinking and working 
based on their past successes and status quo. Decision-makers simply accelerated 
all their ‘tried-and-proven’ activities in response to changes within their business 
environment, and ignored the need to reorient and reshape their business focuses. 
Instead of pulling themselves out of the depression, both companies just deepened 
their situation (Sull, 1999; Graetz et al., 2002).  
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Besides the above example, it is noted that there is an increase in companies that 
have gone from good to bad, for example, Compaq, Daewoo, Lego, NatWest, 
Sainsbury and Xerox (Sull, 2005; Sheth, 2007). Among these companies, many were 
once being labelled as ’excellent’ companies in the book ‘In Search of Excellence’ by 
Peters and Waterman (1982). Some studies take the view that the main reason why 
many of these ‘excellent’ companies were no longer successful, was mainly due to 
their ‘static’ business approaches (Sull, 2005; Sheth, 2007). Companies become 
successful because they have clear and devoted commitments, but as time goes by, 
there is a great tendency that these commitments might harden and ultimately 
constrain companies’ ability to adapt and respond when their competitive 
environment shifts (Sull, 1999; 2005; Jayachandran and Varadajan, 2006). In order 
to avoid active inertia, Sull (2005) pointed out that decision-makers should regularly 
review their companies’ strategic frame, processes, relationships, routines and 
values so as to identify hardened commitment and facilitate their adaptation to 
market changes. He went on to conclude that “success often breeds complacency 
and arrogance…but success need not breed failure if executives actively manage the 
organization’s various commitments” (p.12). Again, this implies that organizations 
should emphasize a dynamic process of self-assessment and self-organization in 
order to survive and prosper within a dynamic business environment.  
 
In general, the dynamic contingency theory can be characterized as follows 
(following Miles and Snow, 1978): (i) managerial or strategic choice is the 
fundamental linkage between an organization and its environment; (ii) managerial 
competency in creating, filtering and reshaping environmental influences is vital 
towards organizational survival; and (iii) mutual adaptation between organizations 
and their environments can happen in multiple ways depending on organizations’ 
choice of domains. Under the dynamic contingency perspective, organizational 
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flexibility can be viewed as the proactive and reactive capacity of an organization in 
response to unanticipated shocks (Volberda, 1998). 
 
In this study, the dynamic contingency theory underpins the conceptual framework 
(see Figure 3.2) in the way that the environment, within which construction firms 
operate, may moderate the firms’ endeavour in developing their resources and 
capabilities, and subsequently, in implementing appropriate strategies, towards 
achieving organizational flexibility (see Section 3.10). Hitherto, little has been done to 
empirically test the moderating role of environmental conditions on the relationships 
among firms’ resources, capabilities, strategies and their flexibility potential.   
 
3.9.2 Organizational learning theory 
Many studies highlighted that, to align themselves with their environments or to 
reshape environmental influences, organizations must possess some unique skills to 
learn, unlearn and then relearn on the basis of their past behaviour (for example: 
Day, 1991; Wang and Li, 2007). This indicates that the process of organizational 
learning becomes an important component in attaining organizational flexibility. 
 
The theory of organizational learning was coined by Cyert and March (1963), and 
subsequently kindled by many other organizational analysts like Peters and 
Waterman (1982), Kanter (1989) and Senge (1990), who studied the effect of 
learning on organizational structures and systems. Since then, the concept of 
learning has been increasingly appreciated as a key towards competitiveness 
(Dodgson, 1993). In a turbulent environment, characterized by rapid technological 
changes in products and processes, organizations would need to learn faster and 
respond faster to the rapid changes within their environment; otherwise they simply 
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will not survive (Hannan and Freeman, 1984; Barlow and Jashapara, 1998; Kenny, 
2006).  
 
According to Cyert and March (1963), organizational learning is a process whereby 
organizations collectively learn through the interaction with their environments. In this 
process, members within an organization share information and create organizational 
memory in the form of shared beliefs and assumptions, and subsequently, this 
knowledge base will guide the actions of its members and the organization as a 
whole (Cyert and March, 1963; Hanvanich et al., 2006). This view is shared by Fiol 
and Lyles (1985), who considered organization learning as “the development of 
insights, knowledge, and associations between past actions, the effectiveness of 
those actions, and future actions” (p.811).  
 
Hedberg (1981) took the view that the learning process may occur in different 
situations since organizations continually interact with their environment, and 
enhance their knowledge of reality by observing the results of their organizational 
action. According to him, this process is both “adaptive and manipulative in the sense 
that organizations adjust defensively to reality and use the resulting knowledge 
offensively to improve the fits between organizations and their environment” 
(Hedberg, 1981:3). Likewise, Levitt and March (1988) considered learning as 
processes whereby organizations encode inferences from their history into routines 
that guide behaviour. According to them, “routines” is a multi-dimensional construct 
comprising organizational rules, procedures, strategies, technologies, cultures, 
knowledge, etc. These routines are often recorded in a collective memory that is 
coherent and enduring, but are also subjected to changes due to social influence 
from other learning organizations (Levitt and March, 1988).  
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According to Pedler et al. (1989; 1991), learning organizations are organizations that 
facilitate the learning of all their members and continually transform themselves with 
their environment. They ascribed 11 characteristics (for example, internal exchange, 
inter-company learning and participative policy making) to a learning organization, 
and further elaborated the desirable outputs and preconditions of each characteristic 
towards becoming learning organizations. Similarly, in Senge’s (1990) work ‘The Fifth 
Discipline’, learning organizations are defined as “organizations where people 
continually expand their capacity to create the results they truly desire, where new 
and expansive patterns of thinking are nurtured, where collective aspiration is set 
free, and where people are continually learning to see the whole together” (p.3). 
During this process, organizations would continuously need to “discover how to tap 
people’s commitment and capacity to learn at all levels” (Senge, 1990: 4). In fact, 
Senge’s (1990) philosophy of learning organizations shares many features with 
Quinn’s (1992) ‘intelligent enterprise’ and Nonaka and Takeuchi’s (1995) ‘knowledge-
creating company’.  
 
In practice, every organization may have its own unique style and ability to learn, and 
makes use of different ways of learning. Of these, adaptive (single loop) learning and 
generative (double loop) learning are the most commonly discussed forms (see 
Senge, 1990; Volberda, 1998; Wang and Li, 2007). The former occurs when there is 
a repetitive association between input and output factors, for example, whenever an 
operational error or problem is detected, it is often remedied without questioning or 
altering the underlying values and objectives of the process (Argyris and Schon,  
1978; Slack and Lewis, 2002). This form of learning facilitates implementation of 
tactical adjustments to operations, production and planning, and hinges on 
organizations’ core competence (Wang and Li, 2007). This, to some extent, 
resembles the passive mode of firms’ operational and tactical flexibilities. 
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However, Miles and Snow (1978) and Pascale (1990) took the view that, owing to its 
system-specific nature, an adaptive learning mechanism hampers organizational 
search and ignores significant amounts of relevant uncertainty, diversity and change 
signals. As a result, this form of learning may unintentionally develop structural inertia 
that threatens organizational survival (Metcalfe, 1981; Slack and Lewis, 2002).  
 
Unlike the passive nature of adaptive learning, the generative learning approach 
challenges existing operating assumptions in fundamental ways, seeks to re-frame 
competitive questions and remains open to changes occurring in the competitive 
environment (Volberda, 1998; Slack and Lewis, 2002). Incompatible organizational 
norms are often resolved through the process of (i) setting new priorities and 
weighting norms, or (ii) restructuring the norms themselves (Argyris and Schon, 
1978). Accordingly, organizations must increasingly “develop their capability to 
redefine the problems they seek to resolve, redesign their relations with their 
environments, and discard established structures in the process” (Metcalfe, 1981: 
526). In this way, it is clear that organizations’ ability to learn and unlearn are the 
keys toward effective generative learning (Hedberg, 1981; Fiol and Lyles, 1985; 
Pascale, 1990). The ability to learn promotes organizational search and self-
questioning values, while the ability to unlearn mitigates possibilities of organizational 
inertia. All these amalgamate to place generative learning as a prerequisite to 
organizational survival since this mechanism emphasizes organizations’ capacity to 
unlearn obsolete perspectives and procedures, and simultaneously replace them 
(through learning) with new appropriate approaches in creating and maintaining their 
competitiveness (Day, 1991; Dickson, 1996; Wang and Li, 2007).   
 
However, the generative learning approach does have its dysfunctional effects on 
organizations if it has been improperly or excessively implemented. These include: (i) 
promoting redundant resources and conflicting working environments where people 
  104 
work around and even defy their superiors (Stewart and Warner, 1996); (ii) igniting 
low trust or defensive behaviours among employees when incompatible 
organizational norms cannot be resolved (Argyris and Schon, 1978; Van de Ven, 
1986); and (iii) destroying an organization’s identify,  especially in a chronic double-
loop learning process that may further induce other problems such as conflict of 
authority, unclear responsibilities and inadequate controls (Volberda and Cheah, 
1993; Volberda, 1998).     
 
In view of the two learning mechanisms, Hedberg et al. (1976) pointed out that firms 
should emphasize the learning process of self-experimentation or self-organization in 
their attempts to facilitate the evolution of their internal structures, processes, 
systems and domains in line with changes within the business environment. They 
noted however that, during this self-organization learning process, organizations 
often engage, paradoxically, in hesitating whether to (i) focus and develop their core 
competence, or (ii) to redefine, restructure and redesign their underlying processes, 
objectives and policies, in order to meet challenges from both internal and external 
environments. Corresponding to this, Argyris and Schon (1978) and Hedberg and 
Jonsson (1978) shared the view that firms need to maintain a balance between the 
two mechanisms if learning is to be effective. According to Argyris and Schon (1978), 
this ‘balancing’ form of learning process is known as deutero-learning. They went on 
to say that: 
When an organization engages in deutero-learning, its members learn about 
previous context for learning. They reflect on and inquire into previous 
episodes of organizational learning, or failure to learn. They discover what 
they did that facilitated or inhibited learning, they invent new strategies for 
learning, they produce these strategies, and they evaluate and generalize 
what they have produced (p.4).   
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From another perspective, Prahalad and Hamel (1990) and Wang and Li (2007) 
pointed out that organizational learning does not simply improve firms’ 
competitiveness. In order to maintain their competitive position, firms must learn at a 
rate at least equal to (i) the rate of environmental changes, and (ii) the learning rate 
of their closest competitors (Sinkula et al., 1997). A firm that can learn, adapt and 
respond to changes within its environment promptly is able to surpass its closest 
competitors who rarely learn from their past behaviour (Blaszevic and Lievens, 
2004). In this case, an effective learning process helps firms to develop their core 
competences and attain a higher degree of flexibility, thus improving their 
responsiveness to changes within their business environment. This ultimately leads 
to better firm competitiveness.    
 
In this study, the organizational learning theory underpins the conceptual framework 
(see Figure 3.2) in the way that contractors have to engage in the continuous 
processes of learning, unlearning and re-learning, in their efforts to develop the right 
kind and range of flexibilities concerning resources and responses, for their 
continued existence in a changing business environment. Further discussions on 
how this theory complements other theories to underpin the theoretical framework 
are provided in Section 3.10.  
 
3.9.3 Resource-based theories 
The resource-based theory of firms (RBT) advocates that the extent to which an 
organization can learn and adapt is strongly rooted to its resources and capabilities, 
explaining how the organization grows and competes in dynamic business 
environments, through strategy implementation. This theory was developed in the 
1950s by Edith Penrose, who originally named it as ‘the theory of the growth of the 
firm’ (Penrose, 1959). Subsequently, conceptual and empirical studies that built on 
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this theory have widely termed it as ‘the resource based view of firms’ (RBV), 
following Wernerfelt (1984).  
 
According to Penrose (1959), a firm is an administrative organization and a collection 
of productive resources, which can only exist if it grows continuously. She pointed out 
that the administrative organization structure of a firm is the creation of the men who 
run it; where the structure may have either been developed rather haphazardly in 
response to immediate needs as they arose in the past, or it may have been shaped 
largely by conscious attempts to achieve a ‘rational’ organization. Thus, a firm is an 
entity that possesses unique collections of resources and capabilities bounded 
together in its administrative framework, and that ‘ownerships’ of these collections of 
resources and capabilities provide the basis for its strategy formulation (Penrose, 
1959; 1995). In general, this uniqueness determines the performance differential 
between one firm and another within the same arena (Grant, 1991; Peteraf and 
Barney, 2003).  
 
Theorizing on the fact that organizational resources and capabilities are unique, RBT 
assumes that: (i) firms are fundamentally heterogeneous in terms of their unique 
resources and internal capabilities underlying the production, and (ii) resources may 
not be perfectly mobile across firms, and thus the resources differences persist over 
time (Wernerfelt, 1984; Peteraf, 1993). According to Barney (1991) and Peteraf 
(1993), an organization can achieve competitive advantages over its closest 
competitors if its resources and capabilities are scarce and superior in use. Superior 
resources and capabilities are more ‘efficient’ in that they enable a firm to produce 
more economically (at lower cost) and/or better satisfy customers’ needs. This partly 
explains why some firms outperform others (Barney, 1991; 2001). 
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Bounded by the above assumptions, the RBT provides a theoretical framework 
focusing on an efficiency-based explanation at firm level of performance differences, 
explaining how competitive advantages within firms are achieved and sustained over 
time (Prahalad and Hamel, 1990; Nelson, 1991; Peteraf and Barney, 2003). In 
particular, it examines how management of organizational resources, capabilities, 
productive opportunities, and strategies can lead to competitive advantages, thus 
resulting in economic profits and profitable firm growth (Grant, 1991; Barney, 1991; 
2001; Kor and Mahoney, 2004). Kimball (1998) defined economic profits as the 
amount of profits in excess of the cost of capital and the opportunity cost involved 
should the capital have been invested elsewhere. In brief, this theory integrates both 
management and economic perspectives of an organization (Peteraf and Barney, 
2003). 
 
Heterogeneity of organizational resources and capabilities is the most fundamental 
assumption within the RBT (Penrose, 1995; Helfat and Peteraf, 2003). In order to 
generate and sustain competitiveness, organizational resources and capabilities 
must be: (i) rare (ii) valuable; (iii) inimitable; and (iv) immobile (see Barney, 1991; 
Hoopes et al., 2003; Barratt and Oke, 2007). Of these, the characteristics of being 
valuable, inimitable and immobile are of paramount importance in sustaining firm 
competitiveness. The attribute of rareness is important only if a resource is valuable, 
and exists only if the resource cannot be imitated and replicated by competitors 
(Hoopes et al., 2003). Further discussions on what constitute organizational 
resources and capabilities are now presented.  
 
3.9.3.1 Resources  
Organizational resources can be defined as “anything which could be thought of as 
strengths or weaknesses of a given firm” (Wernerfelt, 1984:172), and those assets or 
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inputs to the production process, both tangible and intangible, that the firm owns, 
controls and has access to on a semi-permanent (i.e., long-term but temporal) basis 
(Wernerfelt, 1984; Grant, 1991). These may include: (i) brand names; (ii) in-house 
technological knowledge; (iii) skilled personnel; (iv) machinery; and (v) finance.   
Barney (1991) summarized firms’ resources into: (i) physical capital resources; (ii) 
human capital resources; and (iii) organizational capital resources. According to him, 
physical capital resources refer to a firm’s physical technologies, plants and 
equipment, geographical location, and access to raw materials. Human capital 
resources include training, experience, judgement, relationship and insight of 
individual employees within each firm. Lastly, organizational capital resources relate 
to a firm’s formal reporting structure, both formal and informal planning, controlling 
and coordinating systems, and its informal relations among groups within themselves 
and between them and others within the same sector.         
 
Grant (1991) however pointed out that resources, in general, are not productive when 
standalone. Productive activity requires the cooperation and coordination of teams of 
resources. Consonant with this, Collis and Montgomery (1999) pointed out that an 
organization’s resources cannot be evaluated in isolation because their value is 
determined by the interaction of individual resources, generating forms of 
capabilities, in response to marketplace influences. 
  
3.9.3.2 Capabilities 
Grant (1991) described capabilities as the abilities of an organization resulting from a 
team of resources working together. However, he highlighted the fact that the efforts 
to create or develop capabilities is not simply a matter of assembling a team of 
resources, but rather it involves a complex pattern of coordination and interaction 
between people, and between people and other resources. He went on to express 
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that “while resources are the source of a firm’s capabilities, capabilities are the main 
source of its competitive advantage” (p.119). Firms’ capabilities (for example, the 
knowledge and skills of firms’ employees) have been found to be one key 
determinant of a firm’s success (Teece et al., 1997; Galbreath, 2005; Jayachandran 
and Varadajan, 2006).   
 
Amit and Schoemaker (1993) related capabilities to how firms develop their strategic 
flexibility potential against marketplace influences. They defined capabilities as:    
A firm’s capacity to deploy resources, usually in combination, using 
organizational processes, to effect a desired end. They are information-
based, tangible or intangible processes that are firm-specific and are 
developed over time through complex interactions among the firm’s 
resources. They can abstractly be thought of as ‘intermediate goods’ 
generated by the firm to provide enhanced productivity of its resource, as well 
as strategic flexibility and protection for its final product or services (p.35).  
 
Consonant with the above definitions, Salaman and Asch (2003) pointed out that 
‘teams’ or ‘combinations’ of resources are not just human teams, but also include 
buildings, systems, people, equipment, finance, technologies, etc. According to them, 
capabilities are things that must be developed and built over time, and more 
importantly, they must be cherished and deployed. This means that the extent to 
which firms are able to develop and nurture their capabilities is dependent on their 
ability to learn, plan and manage changes effectively and coherently. This is 
consistent with Teece et al.’s (1997) notion of dynamic capabilities where 
organizational resources and capabilities need to be dynamic and adaptive, evolving 
and changing over time in order to sustain firm competitiveness. They defined 
dynamic capabilities as “the firm’s ability to integrate, build, and reconfigure internal 
and external competences to address rapidly changing environment” (p.516). It 
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follows that Tecce et al.’s (1997) dynamic capabilities framework emphasizes on the 
effect of managerial and organizational processes (which could also be referred to as 
routine, or patterns of practice and learning) on firms’ ‘positions’ and ‘paths’. Firms’ 
positions are defined as organizational assets, which could be further categorized 
into: (i) technological assets; (ii) financial assets; (iii) reputational assets; (iv) 
structural assets; (v) institutional assets; (vi) market assets; and (vii) organizational 
boundaries. As for firms’ paths, they refer to the firms’ routines and strategic 
alternatives.  
 
Eisenhardt and Martin (2000) adapted Teece et al.’s (1997) definition of dynamic 
capabilities and described them as: 
The firm’s processes that use resources – specifically the processes to 
integrate, configure, gain and release resources – to match and even create 
market change. Dynamic capabilities thus are the organizational and strategic 
routines by which firms achieve new resource configurations as markets 
emerge, collide, split, evolve and die (p.1107).  
 
Eisenhardt and Martin (2000) added that firms’ organizational and strategic routines 
can be operationalized into practices such as product development, alliancing and 
other strategic decision making that create value for firms through manipulating 
existing resources into new value-creating strategies. According to them, this 
development process can be deemed to be the ‘best practices’ adopted by firms in 
response to changes within their business environment. These practices influence 
organizational structures, established routines and some other organizational 
attributes, and collectively, they determine how members within a firm behave and 
how their behaviour produce desired outcomes from readily available resources 
(Salaman and Asch, 2003). Under such circumstance, managers play an important 
role to integrate, build, and reconfigure firms’ internal and external resources and 
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capabilities into different strategies that enable firms to adapt and respond flexibly to 
changes within their business environment (Teece et al., 1997; Salaman and Asch, 
2003). This explains why Grant (1991) argued that organizational resources and 
capabilities form a better basis to determine firms’ strategies, and thus define their 
business focus in a changing business environment.   
 
From another perspective, the notion of dynamic capabilities is related to Prahalad 
and Hamel’s (1990) notion of core competences concerning how firms gain their 
competitiveness. Prahalad and Hamel (1990) observed that, in the short run, firms 
gain their competitiveness from the price/performance attributes of current products, 
but in the long run, their competitiveness will derive from firms’ ability to build core 
competences that lead to unanticipated products. In their study, core competences 
refer to a complex collection of constituent skills and technologies, collective learning, 
and both tacit and explicit knowledge of individual firms that contributes to firm 
competitiveness through superior coordination of functional activities within its 
organizational processes. According to Bogner and Thomas (1994), a firm should 
continuously develop and improve its core competences in order to maintain its 
competitiveness.  
 
In relating core competences to flexibility, Wang and Li (2007) noted that a 
manufacturer who possesses a superior level of competences tends to exhibit a 
higher level of strategic flexibility. In their study, firms’ core competences are 
categorized into: (i) technological competences; (ii) market competences; and (iii) 
integrative competences. According to them, technological competences refer to 
firms’ abilities to integrate knowledge into the development and designing of new 
products and processes. Next, market competences relate to processes designed to 
apply the collective knowledge, skills and resources of a firm to the market-related 
needs of its business, adding value to its goods and services so as to meet the 
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competitive demands of customers. The last category, i.e., integrative competences, 
refers to firms’ abilities to integrate and achieve positive interaction among elements 
of dynamic competence building and leveraging process.  
 
The review above shows the importance of firms’ resources and capabilities towards 
achieving competitiveness, which subsequently affect their continued existence in a 
changing business environment. In this study, the RBT and the notion of dynamic 
capabilities underpin the need to examine how contractors learn, develop and 
manage their resources and capabilities, and subsequently integrate and reconfigure 
these resources and capabilities into different strategies towards achieving 
organizational flexibility in response to environmental changes (see Section 3.10 for 
further discussion). Hitherto, little has been done in the construction industry to 
empirically test the effect of learning (see Section 3.9.2) on organizational resources 
and capabilities towards achieving flexibility. Fieldwork was carried out to ascertain 
the importance of organizational learning towards the development of dynamic 
capabilities.  
 
3.9.4 Complexity theory 
The complexity theory was developed in the 1960s by Ilya Prigogine, a Russian-born 
physical chemist, who studied how living organisms or systems are able to survive in 
highly unstable, or far from equilibrium conditions. In explaining this phenomenon, he 
developed the theory of ‘dissipative structures’ that was the first description of what is 
now being known as ‘self-organizing systems’ (Prigogine and Stengers, 1984). 
Subsequently, self-organization and self-organizing systems became the key 
concepts in the complexity theory.  
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The complexity theory is a broad theory that has been studied across many 
disciplines, for example, chemistry, physics, mathematics and biology. This deals 
with the study of complex systems that comprise many interactive elements linking in 
complex ways (Simon, 1996). Frenken (2006) referred to a complex system as a 
graph represented by nodes (i.e., elements) and edges (i.e., interactions), and 
complexities are defined by the number of interactions between elements. It is this 
structure of interactions between elements within an entire system that is of main 
interest to researchers who studied complexity theory (Carroll and Burton, 2000; 
Frenken, 2006). According to Carroll and Burton (2000), a loss of understanding of 
the whole system under study will occur if the problem concerned is simply dissected 
into several smaller parts.  
 
In organizational science, many studies highlighted that organizations can be seen 
as a systemized whole comprising many interdependent and coordinating elements 
(Englehardt and Simmons, 2002; Eijnatten and Putnik, 2004), which interact, relate 
and evolve within their environments (Moffat, 2003; Cunha and Cunha, 2006). 
Waldrop (1992) characterized a complex system as the system that: (i) comprises a 
great many independent agents who are interacting with each other; (ii) depends on 
systemic interactions that lead the system to spontaneous self-organizations; and (iii) 
learns through feedback. These characteristics are shared by Stacey (2001), who 
further added that (i) the systemic interactions are iterative, recursive, and self-
referential and non-linear, i.e., individual agent adapt to each other, and (ii) the rules 
for interactions are subject to random mutation and cross-over replication.    
 
Bounded by the above characteristics, firms are treated as complex adaptive 
systems (Boisot and Child, 1999; Cunha and Cunha, 2006) or chaordic organizations 
(Eijnatten and Putnik, 2004) that match and adapt themselves closely with changes 
within their environments. They behave as a self-organizing entity, and learn, adapt, 
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and evolve during the states of uncontrollability, uncertainty and complexity in their 
efforts to remain viable (Eijnatten and Putnik, 2004; Eijnatten, 2004). In this way, one 
may infer that the complexity theory is related to organizational learning theory 
discussed in Section 3.9.2.  
 
According to Anderson (1999), the element of complexity can be treated as a 
structural variable that characterizes both organizations and their environments. Daft 
(1992) operationalized the element of complexity into the number of activities or 
subsystems within an organization that can be measured along three dimensions. 
These include: (i) vertical complexity, i.e., the number of levels in an organizational 
hierarchy; (ii) horizontal complexity, i.e., the number of job titles or department across 
an organization; and (iii) spatial complexity, i.e., the number of geographical 
locations. Also, organizations must match the complexity of their organizational 
structure against the complexity of their environments and technologies in their 
attempt to improve firm responsiveness and adaptation (Galbrath, 1973). Two modes 
of adaptation to complexity were discussed by Boisot and Child (1999). First, in a 
complexity reduction mode, firms seek to understand environmental complexity and 
deal with them in a timely manner. The other mode is complexity absorption where 
firms create options and formulate risk-hedging strategies, for example, entering into 
partnership relationships and forming alliances, in response to marketplace 
influences. 
 
Tetenbaum (1998) noted that firms are increasingly exposed to marketplace 
uncertainty, i.e., a state of mixture between stability and instability, owing to six key 
challenges: (i) technology; (ii) globalization; (iii) competition; (iv) change; (v) speed; 
and (vi) complexity and paradox. In order to overcome these challenges, she 
suggested that it is important for firms’ management to: (i) manage their employee 
transition; (ii); destabilize their organizational system in order to respond swiftly; (iii) 
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manage order and disorder in the present and future; (iv) create and maintain a 
learning organization; and (v) build a certain degree of organizational flexibility in 
response to changes. 
 
In general, the complexity theory characterized organizations as complex adaptive 
systems that are: (i) vital and creative when they are at the edge of chaos, i.e., in 
states of both order and disorder (Prigogine and Stengers, 1984); (ii) sensitive to 
their environments, and thus responding to marketplace influences and co-evolving 
with them (Church, 1999); and (iii) self organizing, to a large extent, in which self 
organization is the outcome of interdependences among individual elements 
following their own set of rules (Crozier and Thoening, 1976). According to 
Tetenbaum (1998), the complexity theory assumes that an organization comprises a 
complex linkage of elements that behave in line with its environment, and if the 
organization manages to self-organize and respond effectively and in a timely 
manner to environmental changes, it will ultimately turn into a higher performance 
entity.  
 
In this study, the complexity theory underpins the conceptual framework (see Figure 
3.2) in the way that construction firms can be seen as complex adaptive systems, 
comprising a complex linkage of elements, which inevitably interact and evolve with 
their environment, in order to remain viable. The contractors have to self-organize 
themselves in order to achieve organizational flexibility to address environmental 
changes. This is consistent with Kale and Arditi (1998; 2003), who pointed out that 
construction firms could be seen as open systems that inevitably interact with the 
environment within which they operate. Further details on how this theory 
complements the other three theories to underpin the proposed theoretical 
framework are discussed below.   
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3.10 Integration of four theories into the proposed conceptual 
framework 
In this study, the four theories were used to collectively explain how contractors 
behave, learn, adapt, compete and evolve in response to changes in the business 
environment within which they operate for the study period from 1997 – 2007. It 
should be noted, however, that the main focus of this study is not on mapping the 
changes of contractors over these periods, but rather on the characteristics of 
contractors’ resources and capabilities, and the adopted practices in developing their 
resources and capabilities in response to marketplace influences.    
  
From the complex adaptive system perspective (see Section 3.9.4), a contractor is 
seen as a self-organizing system that consists of many interrelated agents evolving 
and adapting to its environment; especially since the Singapore construction industry 
underwent eight years of unprecedented economic downturn from 1997 to 2005. It is 
believed that contractors who survived through this economic downturn have 
ultimately emerged into a higher performance entity. From the resource-based 
perspective (see Section 3.9.3), the interrelated agents, within the self-organizing 
system, refer to contractors’ resources and capabilities that provide the basis for their 
strategies and the primary source of competitiveness. Managers integrate, build and 
reconfigure their firms’ resources and capabilities into different strategies that enable 
them to adapt and respond flexibly to changes within their business environment. 
This involves the selection of a business domain and decision making within the 
chosen domain in responses to changes in the business environment. This forms the 
dynamic contingency view of firms (see Section 3.9.1). 
 
In the above selection procedure, contractors undergo the processes of learning, 
unlearning and re-learning in their efforts to develop insights and knowledge about 
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the associations between past actions, and to understand the effectiveness of those 
actions. They seek to learn and understand the implications from their past actions 
and surroundings, for example, the success or failure of their competitors, in order to 
respond to changes effectively or to avoid any mistake that could be detrimental to 
their business. Ultimately, this forms a loop where contractors engage in a 
continuous process of competence-building by developing the right kind and range of 
resources and coordination flexibilities, coupled with competence leveraging that is 
effective in utilizing the current resource and coordination flexibilities. This provides 
contractors with a higher level of organizational flexibility potential and thus enables 
them to engage in a more active role in determining their continued existence.   
 
In summarizing the above discussion, Figure 3.3 shows the hypothetical example of 
how construction firms behave and react in the face of marketplace influences. 
Diagram A denotes the complex adaptive system of a contractor, linking with many 
agents (nodes) that are determined, to a great extent, by its resources and 
capabilities. In this case, the smaller nodes represent the key determinants of 
organizational flexibility, and the linkages between nodes denote the influence or 
relationships between individual resource-based determinants. The large central 
node represents firms’ flexibility potential.  
 
Next, Diagram B shows the exertion of external forces (i.e., marketplace influences) 
on the organizational system. Contractors are expected to consolidate their 
resources and capabilities, and formulate appropriate strategies in response to 
different business conditions. As a result, the external forces reshape the structure of 
the organization system (Diagram C), which shows the resultant system where 
individual determinants react adaptively, thus reshaping the relationship between one 
another. These effects could influence the firm’s flexibility potential in one of the 
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following ways: (i) direct impact; or (ii) indirect impact; or (iii) both direct and indirect 






Figure 3.3 Hypothetical example of how contractors behave and react in the face of 
marketplace influences 
 
In this study, it is believed that contractors, who fail to respond to changes, may 
experience financial hardship or difficulties, and eventually be compelled to exit the 
market. This scenario is captured by the chequered arrow, marked on the right side 
of Diagram C of Figure 3.3. On the other hand, if contractors succeed, a learning 
loop is formed, representing by the arrows directing from Diagrams C → A → B → C. 
This forms a learning organization. Contractors learn from their past knowledge and 
use them to deal with unexpected disturbance of similar nature.  
 
3.11 Summary 
Flexibility is increasingly appreciated as a key for firms to survive and prosper in a 
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recognize the nature and constitution of flexibility, and the means for achieving 
flexibility, if the potential benefits of being flexible are to be fully realized. In this 
study, organizational flexibility is defined as “the ability of an organization to 
effectively utilize its resources and capabilities to respond or readapt, in a timely and 
reversible manner to environmental changes, through a continuous learning 
process”.  
 
The review of literature shows that flexibility is a multi-dimensional concept rather 
than an independent variable that can be defined and measured in isolation. The 
flexibility dimensions identified are: (i) operational flexibility; (ii) tactical flexibility; (iii) 
strategic flexibility; and (iv) meta-flexibility. Of these, meta-flexibility is not considered 
separately in this study but rather as part of an organization’s learning culture, 
because this dimension could influence the development of the other three 
dimensions due to its learning and unlearning characteristics. Based on this, the first 
hypothesis was formulated (i.e., organizational flexibility can be characterized by 
three dimensions: (i) operational flexibility (YOF); (ii) tactical flexibility (YTF); and (iii) 
strategic flexibility (YSF)).  
 
This study adopted a four-stage process for developing a generic taxonomy of 
flexibility types for assessing organizational flexibility based on a multi-dimensional 
perspective. Fifteen flexibility types were identified, following the identification and 
reorganization processes, based on an initial list of 22 flexibility types. The15 
flexibility types were subjected to a contextualization-then-re-contextualization 
procedure in an attempt to generate a more meaningful and applicable definition for 
individual items within the context of the Singapore construction industry. Six 
determinants that affect organizational flexibility are also identified from the literature.  
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A conceptual framework for organizational flexibility in construction business was 
developed. The framework shows the multi-dimensional concept of organization 
flexibility (Y) comprising: (i) operational flexibility (YOF); (ii) tactical flexibility (YTF); and 
(iii) strategic flexibility (YSF).  These are further operationalized into: (i) modification 
flexibility (F1); (ii) financial flexibility (F2); (iii) numerical flexibility (F3); (iv) functional 
flexibility (F4); (v) expansion flexibility (F5); (vi) market flexibility (F6); (vii) operation 
flexibility (F7); (viii) volume flexibility (F8); (ix) machine flexibility (F9); (x) material 
flexibility (F10); (xi) process flexibility (F11); (xii) procurement flexibility (F12); (xiii) 
product flexibility (F13); (xiv) spanning flexibility (F14); and (xv) logistic flexibility 
(F15).  
 
The conceptual framework further proposes that organizational flexibility may be 
influenced, to varying degrees, by six determinants: (1) organizational learning 
culture (X1); (2) organizational structure (X2); (3) employees’ skills and behaviour 
(X3); (4) technological capabilities (X4); (5) supply chain capabilities (X5); and (6) 
business strategies (X6). This framework is underpinned by four theories: (i) 
contingency theory; (ii) organizational learning theory; (iii) resource-based theories; 
and (iv) complexity theory. These theories collectively explain how contractors 
behave, learn, adapt, compete and evolve in response to changes in the business 
environment within which they operate so that their organizations remain flexible.  
 
The next chapter presents a review of the identified key determinants of 
organizational flexibility including: (i) specifying the domain of individual determinants 





CHAPTER 4  
DETERMINANTS OF ORGANIZATIONAL FLEXIBILITY 
 
4.1 Introduction 
In this chapter, the focus is on the operationalization of the determinants 
(independent variables) of organizational flexibility (dependent variable) in the 
conceptual framework (Sections 4.2 to 4.7). For each determinant, the corresponding 
section presents a review of the literature on its concept and a specification of its 
domain and measurement items.  
 
This chapter also operationalizes two environmental components, namely: (i) 
economic conditions, and (ii) technological conditions.  These are used in the 
fieldwork to investigate the extent to which environment conditions moderate the 
relationships between the determinants and organizational flexibility (Section 4.8). 
 
4.2 Organizational learning culture (X1) 
Figure 3.2 shows that organizational learning culture (X1) is one of the possible 
determinants of organizational flexibility. Compared to other organizational features, 
organizational culture is both specific (Barley, 1983; Smircich, 1983) and relatively 
constant to an organization (Hofstede et al., 1990; Beugelsdijk, et al., 2006). Under 
the light of the resource-based theory, organizational culture is seen as a resource 
that is rare, durable, non-tradable and non-imitable (Barney, 1986; 1995).  
 
More often than not, organizational culture is an overused concept that is employed 
to explain different aspects of organizations which cannot otherwise be explained 
(Salaman and Asch, 2003). Therefore, it is difficult to find a general accepted 
definition on what organizational culture is. Hofstede et al. (1990) characterized 
  122 
organizational culture as a construct that is: (i) holistic; (ii) historically determined; (iii) 
related to anthropological concepts; (iv) socially constructed; (v) soft; and (vi) difficult 
to change.  
 
4.2.1 Definition 
Volberda (1992:112) considered organizational culture as “the shared interpretation 
about the kind and usefulness of work and cooperation…which is contained in the 
minds of the organization members…that cannot be observed directly, it can only be 
felt”. Likewise, Katz and Kahn (1978:43) expressed that the behaviour of organization 
members is largely driven by “the norms prescribing and sanctioning these 
behaviours and the values in which the norms are embedded”.  
 
Next, Brown (1998:9) defined organizational culture as “the patterns of beliefs, 
values, learned ways of coping with experience that have developed during the 
course of an organization’s history, and which tend to be manifested in its material 
arrangement and in the behaviours of its members”. This is shared by Crocitto and 
Youssef (2003), who perceived organizational culture as a collective history of an 
organization’s decision, actions, symbols and philosophies that reflects the 
organization’s learning process over a period of time. Senge (1990) pointed out that 
a properly managed learning process will enhance a firm’s flexibility potential. All 
these relate organizational culture to the theory of organizational learning discussed 
in Section 3.9.2.    
 
Salaman and Asch (2003) observed the trend where more emphasis is now placed to 
explore organizational culture systematically and cross-culturally towards how 
organizational learning culture shapes firms’ strategy and capabilities, which in turn, 
influence firm performance. They went on to define organizational culture as the 
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value placed (i) on open learning and (ii) on challenges relating to the review and 
critique by the dominant organizational culture. According to them, culture norms that 
are relevant to organizational learning would include, for example, norms concerning 
attitudes towards authority, or towards risk taking. If organizational culture 
encourages deference and respects towards authority but discourages risk (for 
example, by publicly vilifying and punishing failure or performance mistake) then 
radical forms of learning will be discouraged.  
 
In this study, the focus is on how organizational learning culture affects 
organizational resources and capabilities, and thus shaping firms’ flexibility potential. 
This is in line with the view of many studies (Ireland and Hitt, 1999; Thornhill et al., 
2000; Llorens et al., 2005) that organizational learning is one of the key determinants 
affecting businesses’ continued existence. As a result, organizations need to be 
learning-oriented in order to stay viable and responsive to changes within their 
business environments.  
 
4.2.2 Possible dimensions  
Learning orientation can be seen as organizational values or actions to create and 
use knowledge to enhance a firm’s competitiveness (Sinkula et al., 1997; Calantone 
et al., 2002). This comprises: (i) obtaining and sharing information about customer 
needs, market changes, and competitors’ actions; (ii) improving employees’ skills; 
and (iii) developing new technologies to create new products that are superior to 
those of competitors (Dodgson, 1991; Mone et al., 1998; Calantone et al., 2002). 
Therefore, firms’ learning orientation influences the type of information being 
gathered, and how the information is interpreted, evaluated, and eventually shared 
within firms (Aryris and Schon, 1978; Dixon, 1992; Sinkula et al., 1997).  
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According to Sinkula et al. (1997), a firm’s learning orientation can be characterized 
along three dimensions: (i) commitment to learning; (ii) shared vision; and (iii) open-
mindedness. They argued that shared vision is different from commitment to learning 
and open-mindedness, in that it influences the direction of learning, whereas 
commitment to learning and open-mindedness affect the intensity of learning. As a 
result, they pointed out that it is vital to include these three dimensions in an attempt 
to build a more comprehensive learning orientation of an organization that is in 
congruence with extant theories and practices. These three dimensions are adopted 
by many studies (for example, Calantone et al., 2002; Morgan and Turnell, 2003; 
Wang and Li, 2007) in studying the effect of learning orientation on a firm’s 
performance. In addition to these three dimensions, Calantone et al. (2002) included 
a new fourth dimension, i.e. intra-organizational knowledge-sharing, into their 
conceptual framework linking learning orientation, a firm’s innovation capabilities and 
its performance. The above four dimensions are now discussed and their respective 
measurement items are summarized in Table 4.1. 
 
4.2.2.1 Commitment to learning 
This dimension seeks to determine the extent to which an organization appreciates 
and promotes a learning culture (Sinkula et al., 1997) by evaluating whether 
individual firms consider learning as a vital investment that is crucial for their 
continued survival. According to Sinkula et al. (1997) and Calantone et al. (2002), the 
more a firm values learning, the more likely the firm will learn from its environment.  
 
4.2.2.2 Shared vision  
This dimension seeks to determine the extent to which an organization focuses on 
learning, i.e., sharing mutual learning direction. Sinkula et al. (1997) and Day (1994) 
mutually maintained that the concept of having a shared vision is crucial for proactive 
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learning in that it provides directions, i.e., a focus for learning, that foster commitment 
and mutual purpose among organization members. Brown and Eisenhardt (1995) 
pointed out that a shared vision coordinates the focus of various departments and 
enhances the quality of learning.  
 
Hult (1998) and Calantone et al. (2002), however, recognized that a widespread 
problem in many organizations is that many creative ideas often fail to translate into 
best practices due to the lack of mutual interests and directions. Without commitment 
and agreement with the direction an organization is heading, employees are often 
less motivated to learn (Norman, 1985; Senge, 1990; Veron, 1999). This is because 
employees are not likely to know what organizational expectations are, what 
outcomes to measure, or what procedures are in operation (Sinkula et al., 1997). In 
such an ambiguous environment, even if one is motivated to learn, it is difficult to 
know what to learn. Therefore, Calantone et al. (2002) urged that it is important for 
management to establish their organizational direction and focus in order to create a 
positive learning climate for their organizational strength or core competence 
development.   
 
4.2.2.3 Open-mindedness 
This dimension seeks to determine the extent to which an organization is willing to 
critically evaluate its operational routine and to accept new ideas (Sinkula et al., 
1997). This is especially important for firms operating in a dynamic marketplace when 
the rate of knowledge obsolescence is high (Calantone et al., 2002). In this case, 
successes and failures of the past organizational actions and behaviour provide 
insight on how their marketplace works. As times passes, the information may no 
longer be accurate but may still be informative only if organizations have an open-
mindedness to question it (Sinkula, 1994; Sinkula et al., 1997). Organizations should 
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proactively and constantly question their established routines, assumptions and 
beliefs, and subsequently unlearn, relearn and learn from their business 
environments. This is in line with Sull’s (1999) concept of organizational active inertia 
and Argyris and Schon’s (1978) notion of deutero-learning discussed in Sections 
3.9.1 and 3.9.2, respectively. According to Sinkula et al. (1997), the process of 
unlearning is at the heart of organizational change, and open-mindedness is an 
organizational value that may be necessary for unlearning efforts to transpire.  
 
4.2.2.4 Intra-organizational knowledge sharing  
This dimension seeks to determine the extent to which firms develop collective 
beliefs or behavioural routines related to the spread of learning among different 
departments or units within an organization (Calantone et al., 2002). This attitude 
towards creating a knowledge sharing platform keeps alive the knowledge and 
information gathered from various sources (for example, different departments or 
individuals), and subsequently, provides informative reference for future 
organizational actions (Lukas et al., 1996; Calantone et al., 2002). In this way, 
organizational learning can be seen as an accumulated effect of individual learning 
within an organization. Considering the employee turnover and transfer, Lukas et al. 
(1996) pointed out that it becomes necessary for firms to develop and maintain a 
knowledge sharing platform to prevent any loss of information.  
 
Next, Calantone et al. (2002) and Moorman and Miner (1998) shared the view that it 
is important for firms to establish an effective and efficient system for sharing and re-
examining information in order to foster an intra-organizational knowledge sharing 
environment. Calantone et al. (2002) however pointed out that intra-organizational 
knowledge sharing does not simply refer to obtaining information from various 
sources. Rather, it depends on firms’ ability and commitment to systemically re-
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examine and re-organize the information gathered, and then assure that this 
processed information should be stored into organizational memory and shared 
across departments. This agrees with Raiden and Dainty (2006), who pointed out 
that new ideas and practices emerging from individuals and project teams should 
undergo a formal evaluation process in order to facilitate efficient transfer of good 
practices within an organization.  
 
4.2.3 Domain 
The effects of organizational learning culture on determinants that may affect 
organizational flexibility are now discussed.  
 
4.2.3.1 Organizational learning culture (X1) and organizational structure (X2) 
Sinkula et al. (1997) found that a more positive learning orientation (i.e., a value-
based construct) will directly result in increased market information generation and 
dissemination (a knowledge-based construct), which in turn, directly influence the 
degree to which a firm responds to changes in the business environment (a 
behavioural construct). This is shared by Teare (1997), who pointed out that an 
organization should promote a learning environment that enables members of the 
organization to effectively communicate and disseminate information for responsive 
decision making. Styhre et al. (2004) studied the effect of organizational learning in 
relation to information- and knowledge- sharing within network organizations in 
construction projects. They found that learning often takes place within a construction 
project through personal contacts, face-to-face interactions, communities of practices 
and learning by doing rather than being formalized or embodied in a computer-based 
solution. 
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The review above suggests that learning-oriented organizations are likely to have a 
flexible structure (see Section 4.3.3 for further explanation on the design of 
organizational structure), allowing them to effectively communicate, disseminate and 
share information, for responsive decision making in response to environmental 
changes. Accordingly, this study hypothesized that: 
H2: Organizational learning culture (X1) has a significant direct impact on 
organizational structure (X2). 
 
4.2.3.2 Organizational learning culture (X1) and employees’ skills and behaviour (X3) 
Flamholtz and Randle (2008) pointed out that organizational learning culture (X1) is a 
determinant of employees’ skills and behaviour, in the way that it influences their 
willingness to change, innovate and learn new things. This agrees with Kanter 
(1983), who suggested that an organization should create an interactive learning 
environment that encourages employees’ participation in decision making, and 
updates the employees on their company’s future direction. He explained that, under 
such environment, employees feel more self-assured, knowing their fitness with the 
company’s vision, and consequently, they become more motivated to change and 
learn new skills in accordance with the firm’s business direction (see Section 4.2.2.2). 
Griego et al. (2000) explored the effect of learning culture on human resource 
development, and found the positive relationships among organizational learning, 
human resource development, firm productivity and performance. They identified that 
appropriate rewards and recognition, and training and education are key practices to 
achieving higher employees’ motivation to learn new skills and adopt an adaptive 





Based on the above discussion, this study hypothesized that: 
H3: Organizational learning culture (X1) has a significant direct impact on 
employees’ skills and behaviour (X3). 
 
4.2.3.3 Organizational learning culture (X1) and technological capabilities (X4) 
Figueiredo (2002) examined the relationship between organizational learning 
orientation and technological capabilities, and found that firms’ learning orientation 
influences the extent to which they accumulate their technological capabilities.  This 
agrees with Malerba (1992), who found that organizational learning orientation is 
related to various trajectories of incremental technical change through the 
accumulated stock of knowledge of firms. This finding is supported by Dodgson 
(1993), who explained that organizational learning orientation has become a key 
factor towards achieving competitiveness, in the way that it shapes firms’ endeavour 
in developing and managing their technological capabilities in an environment 
characterized by rapid technological change. He added that the turbulence, 
engendered by technological change in products and processes, increases the 
uncertainties faced by firms and the conflicts within the firms. For example: (i) the 
complexity of new product development processes, and shortening of product life-
cycles (Rothwell, 1992; Dodgson, 1993); (ii) the evolution of new production 
processes (such as lean production and mechanization of production) (Womack et 
al., 1990); (iii) the growing use of computer-assisted organizational modernization 
such as Just-in-Time delivery and material requirement (Dodgson, 1993); and (iv) the 
greater emphasis on the use of information and communication technologies in 
acquiring, storing, processing and disseminating information within a firm or between 
firms (Shrivastava, 1983). All these technological complications require firms to learn 
to perform things and tasks in new ways, which are often radically different.   
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Wang and Li (2007) related organizational learning orientation to firms’ core 
competence (i.e., integrative, marketing and technological competences), and found 
that individual dimensions of learning orientation influence the specified dimensions 
of core competences in different degrees. Of these, shared vision is found to 
positively influence the three core competences specified. This is followed by 
commitment to learning that positively influences firms’ technological and integrative 
competences. Lastly, open-mindedness is found to have a positive impact on firms’ 
marketing and integrative competences. All these indicate that organization learning 
orientation helps to enhance firms’ core-competences, to a certain extent.  
 
Based on the above review, this study hypothesized that:  
H4: Organizational learning culture (X1) has a significant direct impact on 
technological capabilities (X4). 
 
4.2.3.4 Organizational learning culture (X1) and business strategies (X6) 
Szulanski and Amin (2001) highlighted that companies have to learn to formulate 
new strategies, and subsequently migrating to them in order to remain viable in a 
changing competitive environment where the value of new strategies erodes rapidly.  
This is, to some extent, similar to Quinn’s (1980) notion of incrementalism (see 
Section 3.3), whereby firms have to incrementally develop strategic options in their 
efforts to improve their flexibility potential in a changing business environment. 
According to Szulanski and Amin (2001), a firm’s learning culture is important for 
effective strategy-making in that it creates an interactive environment that promotes: 
(i) implementation of regular scanning activities to identify and analyze opportunities 
and threats arising from the business environment, and (ii) participation of employees 
in contributing to new business ideas.   
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Calantone et al. (2002) found that learning-oriented firms possess greater chances to 
enhance their innovation capabilities because of: (i) the firms’ positive attitude 
towards building and marketing a technological breakthrough; (ii) the firms’ 
commitment in monitoring competitors’ actions in the market, understanding their 
strengths and weaknesses, and learning not only from their successes but also from 
their failures; and (iii) the firms’ enthusiasm to learn from changes within their market 
conditions, and subsequently using the knowledge to understand and anticipate 
customers’ needs. They maintained that a positive learning climate is beneficial for 
firms that seek to pursue a product development strategy, based on their findings 
that learning orientation has a direct influence on firms’ performance (for example, 
market share, new product success and overall performance). This is consistent with 
Baker and Sinkula’s (1999) findings that there is a positive relationship between 
firms’ performance and learning orientation. According to Calantone et al. (2002), 
learning orientation facilitates the development of organizational resources and 
capabilities essential for a firm’s performance, which in turn, enhances the 
organization’s performance, both directly and indirectly, through its influence on 
competitive advantage. Similarly, Sinkula et al. (1997) found that learning-oriented 
firms are more likely to be more flexible and nimble, changing their marketing 
strategies in a rapid and fluid manner to anticipate, neutralize or possibly prosper 
from any external shock.   
 
Theoharakis and Hooley (2003) examined the influence of commitment to learning on 
firms’ planning flexibility in relation to their performance, and found that it enhances 
planning flexibility (in terms of resources utilization), which in turn influences their 
service responsiveness, by developing and implementing timely responses. From 
this, it follows that firms’ responsiveness is found to have direct impact on clients’ 
satisfaction and their overall performance.    
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Based on the above, this study hypothesized that:  
H5: Organizational learning culture (X1) has a significant direct impact on 
business strategies (X6) 
 
4.2.4 Measurement items  
This section focuses on the operationalization of the organizational learning culture 
(X1) construct. Table 4.1 shows the measurement items operationalized by other 
studies in evaluating a firm’s learning culture (see 3rd column), and the items 
incorporated in the data collection instrument of this study (see 4th column).  
 
Table 4.1 Measurements items for organizational learning culture (X1) 
Possible 
dimensions Authors Possible measurement items 
Remark 
(see legend for 
symbol connotation) 
(1) (2) (3) (4) 
The sense around here is that employee 
learning is an investment, not an expense 
Δ: refer to item CL1 in 
Appendix C, Q3.1  
The basic values of this organization include 
learning as key to improvement 
Δ: refer to item CL2 in 
Appendix C, Q3.1 
Managers basically agree that our 





Sinkula et al. 
(1997);  
Calantone et al. 
(2002);  
Theoharakis and 
Hooley (2003);   
Morgan and 
Turnell, (2003); 
Wang and Li 
(2007) 
Learning in my organization is seen as a key 
commodity necessary to guarantee 
organizational survival 
 Δ: refer to item CL3 in 
Appendix C, Q3.1 
There is total agreement on our organizational 
vision across all levels, functions, and divisions 
Δ: refer to item SV1 in 
Appendix C, Q3.1 
All employees are committed to the goals of 
this organization 
Δ: refer to item SV2 in 
Appendix C, Q3.1 
There is a commonality of purpose in my 
organization 
Δ: refer to item SV3 in 
Appendix C, Q3.1 
Sinkula et al. 
(1997);  




Wang and Li 
(2007)  Employees view themselves as partners in 
charting the direction of the organization 
@: refer to item SV4 in 
Appendix C, Q3.1 
The vision and strategy are continually 
updated, based on changes in the business 




Griego et al. 
(2000) 
We have a vision of ourselves as an 
organization in which learning and purposeful 
changes are expected 
# 
We are not afraid to reflect critically on the 
shared assumptions we have made about our 
customers 
Δ: refer to item O1 in 
Appendix C, Q3.1 
Personnel in this enterprise realize that the 
very way they perceive the marketplace must 




Sinkula et al. 
(1997);  




Wang and Li 
(2007) 
We rarely collectively question our own biases 





dimensions Authors Possible measurement items 
Remark 
(see legend for 
symbol connotation) 
(1) (2) (3) (4) 
There is a good deal of organizational 
conversation that keeps alive the lessons learn 
from history.  
Ξ  
We always analyze unsuccessful 
organizational endeavours and communicate 
the lessons learned widely  
Ξ  
We have specific mechanism for sharing 
lesson learned in organizational activities Ξ  
Top management repeatedly emphasizes the 







Calantone et al. 
(2002)  
 
We put little effort in sharing lessons and 
experiences  Ξ  
Δ - modified based on the preliminary interview and pilot study findings and tested in subsequent 
fieldwork  
# - omitted from subsequent fieldwork based on findings from preliminary interviews and pilot study  
Ξ - not considered because the proposed item overlapped with others/ is not applicable to this study 
Legend: 
@ - incorporated into the questionnaire without modification, on the basis of the preliminary 
interview and  pilot study findings, and tested in subsequent fieldwork 
Note: Sinkula et al. (1997), Griego et al. (2000), Calantone et al. (2002), and Theoharakis and Hooley (2003) 
adopted a five-point Likert scale. Morgan and Turnell (2003) and Wang and Li (2007) adopted a seven-point 
Likert scale.  
 
In this study, eight out of the 18 items identified in the literature review were retained 
following the preliminary interviews (see Section 5.3) and pilot study (see Section 
5.4.4) in the exploratory and reflective phases, respectively. Of these eight retained 
items, many were modified to suit the research context before being incorporated into 
the data collection instrument. Also, two items were identified during the preliminary 
interviews and subsequently labelled as items O2 and O3 in the instrument. In this 
study, the measurement items of intra-organizational knowledge sharing were found 
to be not applicable because these items overlapped with other items in the 
‘organizational structure’ construct (see Section 4.3.5) and the ‘shared value’ 
dimension. In fact, this exclusion was, to some extent, supported by many 
interviewees, who pointed out that these items symbolize some characteristics of a 
firm’s shared values and organizational structure. They suggested that these 
characteristics should be integrated into relevant items of the ‘shared value’ 
dimension and ‘organizational structure’ construct, and added that it is more feasible 
to adopt the term ‘shared value and vision’ instead of ‘shared value’. They explained 
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that the former provides a more integrated meaning than the latter since a company’s 
vision and value are interrelated.  
 
In total, 10 measurement items were used to evaluate firms’ organizational learning 
culture (X1). The dimensionality of firms’ organizational learning culture is examined 
in Section 7.3.2.1. 
 
4.3 Organizational structure (X2) 
The second possible determinant of organizational flexibility is a firm’s structure (see 
Figure 3.2). Definitions of organizational structure are now discussed.  
 
4.3.1 Definition 
Many studies have defined organizational structure (for example, Khandwalla, 1977; 
Robbins, 1983; Scott and Davis, 2007). Of these, one commonly adopted definition is 
that organizational structure is the internal pattern of relationship, authority, and 
communication among positions in an organization and among members of the 
organization (Thompson, 1967; Tomer, 1996). In explaining this internal network, 
Blau (1974:12) referred to organizational structure as “the distributions, along various 
lines, of people among social positions that influence the role relations among these 
people”. This definition was subsequently adopted by Hall (1987), who inferred that 
organizations comprise two important structural components. They are: (i) the 
division of labour where individuals are given different tasks or jobs to fulfil, and (ii) 
the hierarchy defining positions of individuals and specifying sets of rules and 
regulations.  
 
Similarly, Volberda (1998:136) described an organization’s structure as the actual 
distribution of responsibilities and authority among the organization’s members. 
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According to him, this distribution network results in the construction of a basic 
organizational form, comprising various elements such as functions, units and 
divisions. He went on to point out that these elements have to be flexible so that they 
can be easily modified into other mutual relationships; when necessary, at low cost 
and little resistance, and without losing their efficiency and effectiveness.  
 
From a different perspective, Ranson et al. (1980) considered organizational 
structure as “a complex medium of control which is continually produced and 
recreated in interaction and yet shapes that interaction – therefore, structures are 
constituted and constitutive” (p.3). This perspective indicates that organizational 
structure is neither fixed nor static, but rather shaped by environmental influences 
within and outside an organization, and subsequently influences interactions within 
the organization. This is consistent with Penrose’s (1995) view of the ‘administrative 
organization structure’ under her theory of the growth of the firm, discussed in 
Section 3.8.3. According to her, an organization’s structure is: (i) developed to 
respond to immediate needs, and (ii) shaped largely by conscious attempts to 
achieve a ‘rational organization’.   
 
Chandler (1997) described organizational structure as the design of an organization 
through which it is administered, based on two organizational attributes. They are: (i) 
the line of authority and communication channels, and (ii) the flow of information 
through these lines of authority and communication channels. According to Chandler 
(1997), these lines of authority and communication are vital to ensure the effective 
coordination process and planning of resources in accomplishing an organization’s 
goals. Thus, organizational structure serves as a functioning framework that governs 
organizational transformation processes (Van de Ven, 1976; Robbins and Coulter, 
1996) or “an arena for organizational actions” (Hall, 1987:99).  
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In this study, organizational structure is defined as the actual distribution of lines of 
authority and lines of communication channels that facilitate the decision-making and 
communication procedure in a construction firm (following Chandler, 1997). This 
emphasizes the communication flow, work procedure and decision-making process 
within a firm. The next section focuses on the dimensions of organizational structure 
that influence a firm’s decision-making and communication process.  
 
4.3.2 Possible dimensions  
According to Montarini (1979) and Kale (1999), an organizational structure may be 
characterized by a variety of dimensions. Of these, some varieties are attributable to: 
(i) the multi-dimensional nature of organizational structure; (ii) the different 
conceptualizations depending upon researchers’ interest; and (iii) the usage of 
different classification schemes. Some commonly discussed structural dimensions in 
organizational studies are now reviewed.  
 
It was Pugh et al. (1968) and Inkson et al. (1970), who first identified the four major 
dimensions of organizational structure in their Aston studies. The four dimensions 
are: (i) structuring of activities; (ii) line control of work; (iii) relative size of support 
component; and (iv) concentration of authority. Of these, the first three dimensions 
were reconfirmed by Child (1972), who replicated the Aston studies, as the major 
dimensions of organizational structure. This group of dimensions evolved into the 
following structural dimensions of: (i) complexity; (ii) integration; (iii) formalization; 
and (iv) centralization, which are now discussed.  
 
4.3.2.1 Complexity 
This dimension refers to the extent of diversity or differentiation within a given 
organizational system in terms of four components (Hall, 1987; Robbins and Coulter, 
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1996). These are: (i) horizontal differentiation of tasks among different positions 
within an organization; (ii) vertical differentiation of distinct hierarchical levels; (iii) 
spatial dispersion of subunits or members of an organization; (iv) degree of personal 
expertise (Ford and Slocum, 1977; Hall, 1987; Kale, 1999).  
 
According to Robbins and Coulter (1996), the more division of labour in an 
organization, the more vertical levels in the hierarchy, and the more geographically 
dispersed the organization’s units, the more difficult it is to coordinate people and 
their activities within the organization. This is consistent with Hall (1987), who noted 
that organizations tend to become more complex as their own activities and 
environments become more complex. According to him, if organizations are unable 
to design and adopt an appropriate structure that suits their business environments, 
and if they cannot avoid the trap of increasing complexity, they may soon be in 
trouble.  
 
4.3.2.2 Integration  
This dimension refers to the extent to which an organization coordinates its various 
departments or sub-units as a systemized whole towards meeting its overall 
objectives (Lawrence and Lorsch, 1967; Lansley, 1994). More often than not, this 
integration process could be facilitated by: (i) forming project groups and teams; (ii) 
establishing effective formal channels of communication; and (iii) sharing information 
among staff about their jobs and the firm (Lawrence and Lorsch, 1967; Khandwalla, 
1977; Mintzberg, 1979). However, it should be noted that an increase in complexity, 
for example, when firms grow in size, can often lead to greater problems of 
integration and control (Hall, 1987; Burton and Obel, 2004). This implies the positive 
correlation between the level of complexity within a firm and the efforts required to 
integrate functional departments within the firm.   
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4.3.2.3 Formalization  
This dimension refers to the extent to which an organization relies on a set of rules 
and regulations to direct and control employees’ behaviour (Hall, 1987; Robbins and 
Coulter, 1996). The set of rules and regulations can be formalized either in writing or 
unwritten norms and standards (Hall, 1987; Kale, 1999), directly influenced by 
organizational culture (Volberda, 1998). Hall (1987) suggested that the degree to 
which an organization is formalized can run along a continuum - one end indicating 
maximal formalization and the other end representing minimal formalization - which is 
influenced by the extent to which various mechanisms are implemented. These 
mechanisms may include: (i) functional specializations; (ii) close supervision; (iii) 
formal training; and (iv) well-defined systems, procedures and performance 
standards (Burns and Stalker, 1961; Khandwalla, 1977; Lansley, 1994). According to 
Robbins and Coulter (1996), the more rules and regulations in an organization, the 
more formalized the organization’s structure is. These suggest that the dimensions of 
formalization and integration are positively correlated, i.e., the higher the 
formalization, the greater will be the integration and control.  
 
4.3.2.4 Centralization 
This dimension refers to the extent of employees’ participation in the decision-making 
process (Aiken and Hage, 1968; Robbins and Coulter, 1996). According to Marsh 
(1992), the locus of decision-making authority can be considered along a continuum 
of maximum degree of centralization (i.e., low decentralization) to a minimum degree 
of centralization (i.e., high decentralization). If most decision-making occur at the top 
management level, it suggests that the organization favours centralization. On the 
other hand, if there is greater level of employees’ participation in decision-making, it 
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implies that the organization is orientated towards delegative decision-making 
process (i.e., decentralization). 
 
4.3.3. Design of organizational structure 
Child (1984) pointed out that it is crucial for firms to put emphasis on the above-
discussed dimensions when designing a structure that matches their organizational 
goals. However, many studies highlighted that there is no single way of designing 
and organizing a structure as there is no guarantee that an organization would find 
an appropriate single form in dealing with its environment (for example, Burns and 
Stalker, 1961; Woodward, 1965; Galbraith, 1973). According to some studies, the 
best way of organizing or designing a structure is contingent upon the kinds of task or 
environment to which an organization relates (for example, Scott, 1992; Volberda, 
1998). As a result, different structural configurations can be formulated by placing 
different levels of emphasis on the aforementioned structural dimensions (Burton and 
Obel, 2004). Descriptions of some commonly discussed structural configurations are 
summarized in Figure 4.1, showing the inherent potential of flexibility in respective 
configurations.   
 
 
Note: There may be other functional departments and divisions within an organization. The 
aforementioned departments and divisions are just a hypothetical example illustrating the difference in 
departmental structures and division between the four structural configurations  
Figure 4.1 Classification of structural configurations concerning the potential for 
flexibility 
Adapted from Burn and Stalker (1961), Volberda (1998), Burton and Obel (2004) and PMI 
(2004) 
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4.3.3.1 Simple configuration  
The simple configuration comprises a flat hierarchy with a single point of 
coordination, communications, control and decision-making (Newcombe, 1990a; 
Burton and Obel, 2004). There is little functional specialization and no well-defined 
departmental structure with departmental heads (Burton and Obel, 2004), and thus it 
possesses a moderate degree of flexibility potential since decisions are often made 
by a single person. According to Newcombe (1990a), this configuration is also known 
as an integrated structure, and is only appropriate for smaller-sized companies.    
 
4.3.3.2 Functional configuration 
The functional configuration comprises a series of specialized functions, for example, 
production, marketing, finance and human resources departments (Newcombe, 
1990a). In comparison, Burton and Obel (2004) pointed out that the functional 
configuration comprises more vertical levels and more horizontal specialization than 
a simple configuration. It is appropriate for achieving internal efficiency goals, using 
task specialization and a strict chain of command to gain efficient use of scare 
organizational resources (Daft and Marcic, 2007). However, owing to the high 
interdependence between departments, the functional configuration tends to possess 
a low level of flexibility (Volberda, 1998; Burton and Obel, 2004). In the face of 
unforeseen contingencies, coordination between interfacing units becomes urgent 
and complex (Khandwalla, 1977). According to Volberda (1998), as the number of 




4.3.3.3 Divisional configuration 
The divisional configuration is characterized by organizational subunits based on a 
grouping of products, markets or customers (Burton and Obel, 2004).  Unlike the 
functional form, this configuration minimizes the interdependence of subunits. 
Subunits within a divisional configuration are relatively self-sufficient, and as a result, 
they can do more tasks and change tasks more easily (Mintzberg, 1979; Volberda, 
1998). This is consistent with Khandwalla (1977), who noted that the self-
containment of units shortens lines of communications between interdependent 
personnel, makes planning and coordination easier, and thus facilitating quicker 
adaptation to marketplace changes. In this way, it appears that a divisional form 
exhibits a higher flexibility potential than a functional form.  
 
4.3.3.4 Matrix configuration 
The matrix configuration, also known as project-centred arrangement, introduces a 
dual hierarchy of authority (Burton and Obel, 2004). It incorporates the essence of 
both functional and divisional configurations into an organization’s structure, and 
focuses on grouping by customers or markets (Volberda, 1998; Burton and Obel, 
2004). Compared with the functional and divisional forms, Volberda (1998) 
highlighted that the matrix configuration encourages the greatest flexibility potential 
within an organization. He explained that the increased self-containment of targeted 
market units, together with the direct client contacts and boundary-spanning 
activities, enable quicker adaptation to changes in specific customers’ demands or to 
fluctuations in market demand. This agrees with Eppink (1978) and Krijnen (1979), 
who found that a matrix configuration exhibits a high degree of flexibility potential, 
characterized by its structural arrangement in promoting effective communication and 
swift decision-making, and thus improving organizations’ responsiveness to changes 
within the business environment. 
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4.3.3.5 Mechanistic versus Organic structures 
The above structural configurations can be further classified according to Burns and 
Stalker’s (1961) model of mechanistic and organic organizations, corresponding to 
the opportunities for adaptive capabilities (following Volberda, 1998). The 
mechanistic structure is more suitable for routine stable conditions (Burns and 
Stalker, 1961), which is characterized by a high level of control and centralization, 
and a low level of adaptation (Chakravarthy, 1982), and thus leading to a low level of 
organizational flexibility. Volberda (1998) suggested that a functional form with many 
hierarchical levels is a close resemblance of the mechanistic structure.  He added 
that, in this arrangement, processes may be highly regulated through elaborate 
planning and control systems, specialization of tasks, and high degrees of 
standardization and formalization. As a result, the levels of employees’ participation 
and delegation are low,  
 
On the other hand, the organic structure is best suited to cope with or adapt to a 
dynamic business environment (Burns and Stalker, 1961; Lawrence and Dyer, 1983; 
Lansley, 1994), owing to: (i) its high degree of information sharing and integration, 
and (ii) low degree of formality and centralization (Mintzberg, 1979; Volberda, 1998). 
As a result, it promotes a high level of adaptation (Chakravarthy, 1982), and in turn, 
improving a firm’s flexibility potential. Volberda (1998) suggested that an organic 
structure can exist as a divisional or matrix form that comprises few hierarchical 
levels. He explained that the essence of both divisional and matrix forms are 
planning and control systems that are predominantly “performance-oriented”, instead 
of being “means-oriented”, thus allowing room for ambiguous information and 
necessary experimentation and intuition.   
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In this study, the four structural configurations were included in the questionnaire to 
identify the types of structure adopted by Singapore contractors (see Appendix C, 
Q4.3). The purpose is to find out which is the organizational structure that provides 
flexibility to Singapore contractors.    
 
4.3.4 Domain 
This section discusses the influence of organizational structure (X2) on business 
strategies (X6) and organizational flexibility (Y).  
 
4.3.4.1 Organizational structure (X2) and business strategies (X6) 
The next issue is to address the questions of whether ‘structure follows strategy’ or 
‘strategy follows structure’. Of these, the former is the predominant proposition, 
initiated by Chandler (1962), which has been advocated by many organizational 
researchers such as Miles and Snow (1978), Miller (1988) and Daft and Marcic 
(2007). It emphasizes that companies’ internal structure must fit with the adopted 
corporate strategy, conceptualizing that firms select their domain of strategy before 
designing their structures (Burton and Obel, 2004). Taking Miles and Snow’s (1978) 
generic strategies as an example, each of the four categories of strategy identified 
(i.e., prospectors, defenders, analyzers and reactors) necessitates particular 
organizational structures. If a firm favours a prospector positioning, it should adopt an 
organic structure, whereas if it chooses to be a defender, a mechanistic structure 
(see section 4.3.3.5) will be more applicable. Further discussions on Miles and 
Snow’s (1978) generic strategies are provided in Section 4.7.2.1.  
 
Turning to the second school of thought, i.e., ‘strategy follows structure’, this 
proposition emphasizes that an organizational structure could influence the choice of 
firms’ business strategy (Burton and Obel, 2004). Hall and Saias (1983) and 
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Frederickson (1984) are some of the many supporters of this hypothesis. In 
Frederickson’s (1984) study, three interesting trends on the effects of structure on 
strategy were established. These are: (i) an increase in complexity makes strategic 
actions more political and more incremental; (ii) an increase in formalization results in 
incremental strategic actions; and (iii) an increase in centralization gives rise to 
strategies that are major departures from existing ones.  
 
In this study, it appears that the latter proposition, i.e., ‘strategy follows structure’, is 
more appropriate. This is because most of the targeted Singapore general 
contracting firms (see Section 5.5.4) are expected to be family-controlled businesses, 
which are conservative in their decision-making process. Besides this, the 
contractors are considered as relatively small in size compared to transnational 
corporations. As a result, it is expected – indeed very likely – that the contractors are 
constrained by their structures in pursuing their strategic actions. In most instances, 
contractors would make slight modification on the lines of authority and 
communication rather than reorganize their structures. Even if contractors venture 
overseas, it is unlikely for them to establish a branch, but rather a satellite office 
manned by one or two personnel who will report directly to top management in the 
Singapore office. Based on this argument, it is hypothesized that: 
H6: Organizational structure (X2) has a significant direct impact on business 
strategies (X6). 
 
4.3.4.2 Organizational structure (X2) and organizational flexibility (Y) 
In the prevailing business environment, characterized by global competition and 
environmental dynamism, the need for an organizational structure design that 
promotes responsiveness, flexibility and control is increasing (Carlsson, 1989; Male, 
1991b; Englehardt and Simmons, 2002). According to Denton (1998), firms should 
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eliminate “rigid job description, strict hierarchy and excessive bureaucracy” (p.92) in 
their endeavours to foster a cross-functional teamwork environment for improved 
communication and information-sharing among departments within their 
organizations as they move towards achieving flexibility.  
 
Also, Volberda (1998) and Englehardt and Simmons (2002) pointed out that a flexible 
firm should promote: (i) a loose planning control procedure; (ii) a high 
decentralization process; (iii) a low specialization process; and (iv) a flat hierarchical 
structure. Of these, a flat hierarchical structure has been considered as the most 
appropriate form for contractors who venture overseas (Construction Industry 
Institute, 1993; Flanagan, 1994; Ofori, 2003). Also, Lansley (1987; 1994) advised that 
contractors should focus on ‘right control rather than tight control’ when designing 
their organizational structure for improved flexibility and responsiveness to changing 
business environments.  
 
Based on the above, this study hypothesized that:  
H7: Organizational structure (X2) has a significant direct impact on 
organizational flexibility(Y) 
 
4.3.5 Measurement items  
This section focuses on the operationalization of the organizational structure 
construct (X2). Table 4.2 shows the measurement items operationalized by various 
studies in evaluating organizational structure (see 3rd column), and the items 
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Table 4.2 Measurement items for organizational structure (X2) 
Possible 
dimensions Authors Possible measurement items 
Remark 
(see legend for symbol 
connotation) 
(1) (2) (3) (4) 
The number of hierarchical levels  Δ: refer to Q4.1 in Appendix C 
The number of geographical locations  Δ: refer to Q6.3 in Appendix C 
Complexity  Daft (1992) Kale (1999) 
The number of function, department and jobs # 
Formal training programs for project managers Ξ 
Written manual of procedures and work rules # 
Safety management program for the 
prevention of accidents # 
Cost reporting system for evaluating actual vs. 
budgeted cost, cost record, updates Ξ 
Quality control system for QA/QC reports, 
testing and inspections, trend analysis, etc # 
Schedule/progress control system for tracking 
progress, variances, etc # 
A comprehensive management control and 
information system. Ξ 
A regular performance appraisal for managers 
including foreman Ξ 
Kale (1999) 
An integrated project control information 
system Ξ 
Greater emphasis on getting things done even 
if methods used disregard the formal 
procedure 
@: refer to item OS1 in 




Greater emphasis on loose, informal control, 
which heavy  dependence on informal 
relationships and norms of cooperation for 
getting work done 
@: refer to item OS4 in 




Greater emphasis on decentralization with 
most operating decisions made at lower 
management levels 
@: refer to item OS2 in 
Appendix C, Q4.4 
Kale (1999) Temporary teams or task forces consisting 
managers from different departments # 
Integration Khandwalla 
(1977) 
Greater emphasis on open communication 
channel with flexible access to important 
information for decision making 
@: refer to item OS3 in 
Appendix C, Q4.4 
Δ - modified based on the preliminary interview and pilot study findings and tested in subsequent 
fieldwork  
# - omitted from subsequent fieldwork based on findings from preliminary interviews and pilot study  
Ξ - not considered because the proposed item overlapped with others/ is not applicable to this study 
Legend: 
@ - incorporated into the questionnaire without modification, on the basis of the preliminary 
interview and  pilot study findings, and tested in subsequent fieldwork 
Note: Khandwalla (1977) adopted a seven-point Likert scale. Kale (1999) adopted a five-point Likert 
scale  
 
It can be seen from Table 4.2 that only six out of the 17 items identified in the 
literature were retained and incorporated into the data collection data following the 
preliminary interviews (see Section 5.3) and pilot study (see Section 5.4.4) in the 
exploratory and reflective phases, respectively. It appears that some of the items 
identified were unsuitable because of the nature and scope of this study, while some 
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were found to overlap with the measurement items of the ‘technological capabilities’ 
construct (see Section 4.5.3) and the human resource management practices (see 
Section 4.4.3). It follows that organizational structure may appear as a single-
dimensional rather than a multi-dimensional construct in this study (see Section 5.4.1, 
where it is stated that  individual constructs should comprise at least three 
measurement items). The dimensionality of this construct is further examined in 
Section 7.3.  
 
4.4 Employees’ skills and behaviour (X3)  
The third possible determinant of organizational flexibility is employees’ skills and 
behaviour (see Figure 3.2). The importance of employees’ skills and behaviour, in 
enabling firms to respond to changes within marketplaces and thus contributing to 
firm competitiveness, has been highlighted in many studies (for example, Kalleberg, 
2001; Kara and Kayis, 2004). According to Barney and Wright (1998) and Lopez-
Cabrales et al., (2006), employees’ skills and behaviour are considered as a firm’s 
valuable asset that cannot be easily imitated by other organizations. This valuable 
asset subsequently helps to develop organizational capabilities that are firm-specific 
and generate tactical organizational knowledge (Reed and DeFilippi, 1990; Barney, 
1991). In this study, the term ‘employees’ refers to the pool of human capital under 
the firm’s control in a direct employment relationship (following Wright et al., 1994), 
holding a permanent supervisory position or above in a construction firm.  
 
4.4.1 Domain 
This section focuses on the influence of employees’ skills and behaviour on other 
organizational capabilities and strategies, in addition to a firm’s flexibility potential. 
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4.4.1.1 Employees’ skills and behaviour (X3) and technological capabilities (X4) 
With reference to Sections 2.4.5 and 4.5, firms are increasingly expected to produce 
more technically complicated products, as clients’ expectations increase, and to 
operate in a more effective way, as competition rises. All these suggest that firms 
have to improve their technological capabilities, in response to environmental 
changes, through changing the way their employees work (see Section 4.5.1 for 
definition of technological capabilities adopted in this study). According to Johnson 
and Clayton (1998), the advance in technology has altered the nature of employees’ 
work; where employees are not only required to communicate and collaborate with 
people using information technologies (such as electronic email and 
videoconferencing), but also to analyze and produce complex products using 
advanced process technological tools.  
 
The foregoing discussion suggests that firms may need to consider employees’ skills 
and behaviour in their attempts to improve or manage their technological capabilities, 
such as whether their employees possess an acceptable level and type of skills in 
fulfilling the firm’s technical need and their employees will resist to the changes made 
in accordance with the firm’s technical need. According to Cameron and Green 
(2004), employees’ willingness to learn new skills and change is at the heart of 
everything that is achievable within an organization. This is because when 
employees are unwilling to learn or adapt, their resistance may considerably affect a 
firm’s endeavours to improve its responsive capabilities (Bhattacharya et al., 2005). 
Also, Senge (1990) pointed out that people do not resist change but they resist being 





Based on the review above, this study hypothesized that: 
H8: Employees’ skills and behaviour (X3) have a significant direct impact on 
technological capabilities (X4).  
 
4.4.1.2 Employees’ skills and behaviour (X3) and supply chain capabilities (X5) 
Employees are the main linkage among firms, connecting a firm with its 
subcontractors, suppliers and customers, and collaborating across teams of people 
(Athey, 2008). As a result, their skill and behaviour in building relationships and 
working in a team environment influence a firm’s supply chain capabilities (Gold et al., 
2001) (see Section 4.6.1 for the definition of supply chain capabilities adopted in this 
study). Based on this, this study hypothesized that: 
H9: Employees’ skills and behaviour (X3) have a significant direct impact on 
supply chain capabilities (X5).  
 
4.4.1.3 Employees’ skills and behaviour (X3) and business strategies (X6) 
Many studies suggested that employees’ skills and behaviour should complement a 
firm’s strategy for improved performance (for example, Kanter, 1983; Lawrence, 
2002). According to Schuler and Jackson (1978), employees’ role behaviour is 
instrumental in the implementation of competitive strategies because different 
competitive strategies necessitate different sets of employees’ behaviour. For 
example, firms pursuing a competitive strategy of innovation require employees to 
possess: (i) a high degree of creative behaviour; (ii) a relatively high level of 
cooperative and interdependent behaviour; (iii) a moderate degree of concern for 
quality; (iv) an equal degree of concern for process and results; and (v) a greater 
degree of risk-taking (Schuler and Jackson, 1978). As a result, Wright and Snell 
(1998) suggested that it is important for firms to recruit employees who possess a 
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broader range of skills and behaviour for facilitating the implementation of different 
competitive strategies in different business conditions.   
 
Wright et al. (1994) explained that the superior skills of employees can enhance a 
firm’s ability to sense marketplace influences that require changes in the firm’s 
activities, and subsequently devise effective strategies in response to the relevant 
changes within its business environment. Once responsive strategies have been 
devised, they need to be implemented quickly and efficiently. In this transition 
process, the flexibility and adaptability of employees’ behaviour are the keys towards 
effective strategies implementation; they have to learn fast, apply new skills, 
implement new technologies and re-organize work processes in response to changes 
within the business environment (Snow and Snell, 1992; Wright et al., 1994). It is 
especially true that, in an environment characterized by fast changing technologies 
and products, and cyclical fluctuations in demand, the employees’ ability to learn and 
adapt to different marketplace conditions, through constantly acquiring knowledge 
from the environment, has become an important determinant of organizational 
flexibility, in firms’ endeavours  to remain viable (Schmidt and Hunter, 1992).  
 
Based on the above, it is hypothesized that: 
H10: Employees’ skills and behaviour (X3) have a significant direct impact on 
business strategies (X6).  
 
4.4.1.4 Employees’ skills and behaviour (X3) and organizational flexibility (Y) 
Wright and Snell (1998) studied the relationship between employees’ skills and 
behaviour and flexibility, and found that employees’ skills and behaviour may, both 
directly and indirectly, influence a firm’s flexibility. They explained that, when a firm’s 
employees possess a broad repertoire of adaptive behaviours and are encouraged to 
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apply them in appropriate situations, rather than always follow standard operational 
procedures, the firm is usually flexible in response to changes in the business 
environment. This is shared by Bhattacharya et al. (2005), who pointed out that the 
intrinsic behavioural motivation of employees towards changes within the 
marketplace is important in that it enables firms to flexibly deal with a variety of 
situations and facilitates the implementation of change. 
 
Likewise, if a firm’s employees possess a variety of skills, which could be applied and 
deployed in different market environments, the firm’s flexibility increases (Wright and 
Snell, 1998; Bhattacharya et al., 2005). This is because the broad-based skills of 
employees not only help the firm to fulfil its current needs but also enable it to explore 
new businesses, i.e., influencing the firms’ strategic choices (Lengnick-Hall and 
Lengnick-Hall, 1988; Bhattacharya et al., 2005). This phenomenon can be explained 
in relation to the dynamic contingency view of firms (see Section 3.9.1); where 
employees’ skills can be seen as an important element in supporting different 
choices of business domain by individual firms during different market conditions.   
 
MacDuffie (1995) considered the importance of employees’ skills and behaviour 
towards achieving flexibility, and pointed out that employees may possess broad-
based skills but lack the behavioural motivation to change, or they may be highly 
motivated but lack the essential skills to devise and implement responsive strategies 
to marketplace influences. As a result, firms are faced with the challenges to manage 
their employees’ skills and behaviour (Details of human resource management are 
discussed in section 4.4.3).   
 
Based on the above review, this study hypothesized that: 
H11: Employees’ skills and behaviour (X3) have a significant direct impact on 
organizational flexibility (Y). 
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4.4.2 Human resource management practices 
Many studies suggested that human resource management practices may be 
considered under four categories (Raiden and Dainty, 2006; Major et al., 2007): (i) 
competence development; (ii) stress management; (iii) performance management; 
(iv) intra-organizational relationship management. Table 4.3 summarizes the human 
resource management practices found in previous studies (see 3rd column), and the 
practices incorporated in the data collection instrument (see 4th column).  
 
Table 4.3 Human resource management practices 
Categories Authors Possible practices 
Remark 
(see legend for 
symbol connotation) 
(1) (2) (3) (4) 
Wang and Li (2007); 
Major et al. (2007);  Offering on the job training 
@: refer to item C6 in  
Appendix C, Q2.2 
Volberda (1998) Offering job rotation programme  @: refer to item C7 in Appendix C, Q2.2 
Volberda (1998) Offering job enrichment programme  @: refer to item C8 in Appendix C, Q2.2 
Offering day-release scheme to attend part-
time course 
@: refer to item C9 in 
Appendix C, Q2.2 
Allowing employees to attend formal 
trainings relating to their continuous 
professional development and professional 
qualification course  
Δ: refer to item C10 in 
Appendix C, Q2.2 
Providing monitoring and coaching scheme Δ: refer to item C11 in Appendix C, Q2.2 
Competence 
development 
Raiden and Dainty 
(2006) 
 
Collaborating with a leading management 
college to provide training for employees 
@: refer to item C12 in 
Appendix C, Q2.2 
Giving employees time off  Δ: refer to item SM1 in Appendix C, Q2.3  
Facilitating use of company sponsored 
programs (e.g. vacation time) 
Δ: refer to item SM2 in 
Appendix C, Q2.3 
Encouraging co-worker support Δ: refer to item SM3 in Appendix C, Q2.3 
Stress 
management Major et al. (2007) 
Offering psychosocial support Δ: refer to item SM4 in Appendix C, Q2.3 
Major et al. (2007) 
Organizing informal gathering to recognize 
employees’ achievement to foster team 
building 
@: refer to item PM1 in 
Appendix C, Q2.4  
Volberda (1998) Providing flexible compensation plans @: refer to item PM2 in Appendix C, Q2.4 
Raiden and Dainty 
(2006); Major et al. 
(2007) 
Conducting company annual appraisal 
process to collect formal means of 
discussing, identifying and recording 
employees’ training needs 
@: refer to item PM4 in 




Raiden and Dainty 
(2006); Major et al. 
(2007) 
Offering career development and promotion 
opportunities 
@: refer to item PM5 
Appendix C, Q2.4 
Intra-
organizational Major et al. (2007) 
Encouraging regular face-to-face interaction 
and open communication among employees 
Δ: refer to item RM1 in 
Appendix C, Q.25  
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Categories Authors Possible practices 
Remark 
(see legend for 
symbol connotation) 
(1) (2) (3) (4) 
Raiden and Dainty 
(2006) 
Conducting regular meetings among 
subordinates and superiors 
@: refer to item RM2 in 
Appendix C, Q.25 
Wright and Snell 
(1998); Raiden and 
Dainty (2006); 
Subramony (2006) 
Implementing survey feedback programme 
to track the well-being of employees 
@: refer to item RM3 in 
Appendix C, Q.25 
relationship 
management 
Raiden and Dainty 
(2006) 
Organizing induction programmes to support 
all new recruits 
@: refer to item RM4 in 
Appendix C, Q.25 
Δ - modified based on the preliminary interview and pilot study findings and tested in subsequent 
fieldwork  
# - omitted from subsequent fieldwork based on findings from preliminary interviews and pilot study  
Legend: 
@ - incorporated into the questionnaire without modification, on the basis of the preliminary interview 
and  pilot study findings, and tested in subsequent fieldwork 
Note: All measurement items, found in previous studies, were not administered by any measurement scale 
 
It can be seen from Table 4.3 that all the practices identified by previous studies were 
incorporated into the data collection instrument; where description of some practices 
were modified, based on the exploratory interview and pilot study findings, to suit the 
research context of this study. Three new practices were identified in the exploratory 
interviews and included in the instrument as items C13, PM3, and RM5 in Appendix 
C. These 22 practices were used to examine the relationships between human 
resource management practices and employees’ skills and behaviour.  
 
4.4.3 Measurement items 
This section focuses on the operationalization of the employees’ skills and behaviour 
(X3) construct. Table 4.4 shows the measurement items operationalized by various 
studies in evaluating employees’ skills and behaviour (see 2nd column), and the items 
incorporated in the data collection instrument of this study (see 3rd column) following 
the preliminary interviews (see Section 5.3) and pilot study (see Section 5.4.4) in the 
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Table 4.4 Measurement items for employees’ skills and behaviour (X3) 
Authors Possible measurement items Remark 
(see legend for 
symbol connotation) 
(1) (2) (3) 
Ability to identify trends and then developed new 
markets and services using their analytic skills 
Desarbo et al. (2005) Ability to be flexible and creating responsive 
changes based on their broad and entrepreneurial 
skills 
Δ: refer to item ESB1 in 
Appendix C, Q2.6 
Ability to work in team environment Correa (1994); Lientz and 
Rea (2003) Ability to communicate well within each other 
Δ: refer to item ESB2 in 
Appendix C, Q2.6 
Correa (1994); Lientz and 
Rea (2003); 
Ability to be self-motivated and willing to travel 
overseas for an extended period of time 
Δ: refer to item ESB3 in 
Appendix C, Q2.6 
Ability to adapt to new situations  
ability to adjust to changing work requirements 
within a short period 
Ability to change their work habits in response to 
changes in the competitive environment 
Ability to learn  and deploy new skills within a short 
period and in a continuous manner 
Snow and Snell (1992); 
Wright et al. (1994); 
Correa (1994); Lientz and 
Rea (2003); Bhattacharya 
et al. (2005) 
Ability to switch to new jobs in our company within a 
short time  
Δ: refer to item ESB4 in 
Appendix C, Q2.6 
Lengnick-Hall and 
Lengnick-Hall (1988); 
Bhattacharya et al. (2005) 
Ability to work in various jobs Δ: refer to item ESB5 in Appendix C, Q2.6 
Ability to deploy certain degree of knowledge of 
methods and skills in any project Correa (1994);Lientz and 
Rea (2003) Ability to specialize on one or a few highly 
sophisticated tasks 
Δ: refer to item ESB7 in 
Appendix C, Q2.6 
Correa (1994); Lientz and 
Rea (2003); Desarbo et al. 
(2005) 
Ability to make decisions or solve problem 
independently  
Δ: refer to item ESB8 in 
Appendix C, Q2.6 
Δ - modified based on the preliminary interview and pilot study findings and tested in subsequent 
fieldwork  
# - omitted from subsequent fieldwork based on findings from preliminary interviews and pilot study  
Legend: 
@ - incorporated into the questionnaire without modification, on the basis of the preliminary 
interview and  pilot study findings, and tested in subsequent fieldwork 
Note: Lengnick-Hall and Lengnick-Hall (1988), Snow and Snell (1992), Wright et al., (1994), Correa (1994) 
and Lientz and Rea (2003) described the characteristics of employees’ skills and behaviour without adopting 
any measurement scale; Desarbo et al. (2005) adopted a nominal scale. Bhattacharya et al. (2005) adopted 
a seven-point Likert scale.   
 
It can be seen from Table 4.4 that all measurement items were retained, but modified, 
before their inclusion into the data collection instrument. The interviews revealed that 
many items identified were interrelated and overlapped, and redefinition and 
restructuring were necessary for clearer explanation. Also, one additional item was 
identified during the interviews, and subsequently labelled as ESB6 in the instrument 
(see Appendix C). In total, eight measurement items were used to evaluate 
employees’ skills and behaviour. 
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4.5 Technological capabilities (X4) 
Figure 3.2 shows that technological capability is a possible determinant of 
organizational flexibility. In construction, technology is increasingly appreciated as a 
key towards achieving firms’ competitiveness (see Sections 2.4.5 and 2.5). According 
to Tatum (1988) and Mitropoulos and Tatum (2000), the basis of competition in 
construction is shifting beyond managerial to technological issues. Contractors’ ability 
to manage their suppliers and subcontractors as a key element for competitive 
pricing is no longer enough in prevailing business conditions, characterized by the 
changes in customer and social demand, the increase in international competition 
and technical complexity of built facilities (Hassan et al., 1998; Mitropoulos and 
Tatum, 2000) (see Sections 2.4 and 2.5). For example, construction projects (such 
as industrial, commercial and residential buildings) are becoming more technically 
complicated in terms of the design, nature and internal environment of built facilities 
(Hassan et al., 1998). In such a context, the ability of construction firms to implement 
advanced and appropriate technologies, for better efficiency and productivity of 
construction activities, has become the main source for creating and sustaining firms’ 
competitive advantages (Bennett, 1991; Ho and Liu, 2003). 
 
4.5.1 Definition 
Although the concept of technology has been explored by many studies since 1960s, 
it is noted that, hitherto, no widespread consensus is obtained as to the single best 
definition of technology. This could be due to the diverseness of technology-related 
research in terms of the level of analysis and the study fields (for example, 
information, communication and process) at which the concept is being studied. 
Some definitions of technology are now presented. 
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Perrow (1967) related technology to individuals’ direct actions on raw materials in an 
attempt to transform them into desired outputs. He pointed out that, in order to 
operate effectively, technology should integrate certain organizational requirements 
that will be reflected in the pattern of sequences used to perform specific tasks and 
the characteristics of the knowledge used in the work flow. According to Khandwalla 
(1977), workflow is “the way programs, activities, and events in the input-process-
output cycle of the organization are sequenced” (p. 446).   
 
Likewise, Hulin and Roznowski (1985:47) defined technology as “the physical 
combined with the intellectual or knowledge processes by which materials in some 
forms are transformed into outputs”. In a more specific way, technology can be seen 
as (i) “a systematic body of knowledge about how natural and artificial things function 
and interact” and (ii) “a body of knowledge embodied in human brains and muscles, 
machines, and also in software and standard operating procedures of the 
organization” (Itami and Numagami, 1992:119). In view of its importance, Itami and 
Numagami (1992) argued that technology is the most fundamental of firms’ core 
competences.  
 
According to Dosi (1984), technological competences can be defined as a set of 
knowledge comprising both practical and theoretical know-how, techniques, 
procedures, experiences, physical devices and equipment. This definition is 
subsequently amplified by Wang and Li (2007), who considered technological 
competences as “the ability to develop and design new products and processes and 
combining knowledge about the physical world in unique ways, transforming this 
knowledge into designs and instructions for the creation of desired outcomes” (p. 65). 
They added that technological competences symbolize the superior and 
heterogeneous technical assets of a firm that are linked to its products, designs, 
processes and information technologies.  
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In construction, technology can be defined in relation to Tatum’s (1987) ‘construction 
technology’ and Goulding and Alshawi’s (2002) ‘process management’. Tatum (1987) 
described construction technology as the integration of construction practices and 
resources, work tasks and project influences that define the manner of performing a 
construction operation. Goulding and Alshawi (2002) defined process management 
as a capability to integrate the process with technologies, systems and procedures, 
organizations, organizational structures, change initiatives and organizational 
learning towards achieving targeted objectives. These two definitions shared a 
common characteristic; that is technology can be seen as a firm’s competence to 
integrate and transform its resources, processes and knowledge into desired 
outcomes.  
 
In this study, technology is defined as organizational capabilities or competences, 
whereby mechanical and intellectual efforts are employed to transform resources, 
knowledge and processes into final goods and services. This is consistent with 
Shirazi et al. (1996) and Scott and Davis (2007), who pointed out that technology is 
an important mechanism, both mechanical and intellectual processes, facilitating a 
firm’s input-transform-output process. Technology includes not only the hardware 
used in performing work, but also the skills and knowledge of employees, and the 
characteristics of the objects on which work is performed (Scott, 1992; Scott and 
Davis, 2007).  
 
4.5.2 Possible dimensions  
In this study, technological capability comprises two dimensions: (i) information 
technology capabilities and (ii) process technology capabilities. Descriptions of these 
  158 
two dimensions are now presented, and their respective measurement items are 
summarized in Table 4.5. 
 
4.5.2.1 Information technology capabilities 
Desarbo et al. (2005) defined information technology capabilities as the relative 
capabilities that help a firm to create technical and market knowledge and facilitate 
intra-organizational communication flow. According to Johnson and Clayton (1998), a 
firm’s information technology capabilities could refer to the relative capabilities that 
help to (i) improve collaboration and effectiveness of individuals within intra-
organizational and inter-organizational environments, and (ii) create new services 
and markets by facilitating the acquisition and conversion of information into 
knowledge that creates distinctive value for customers. All these suggest that a firm’s 
technological capabilities can be defined as the relative capabilities that facilitate 
information flow and communication within the firm and between firms, thereby 
improving their response capability and competitiveness.  
 
4.5.2.2 Process technology capabilities 
Desarbo et al. (2005) defined process technology capabilities as the relative 
capabilities that help a firm to improve production process efficiency and achieve 
greater consistency in product delivery, thus leading to improved competitiveness. 
Johnson and Clayton (1998) referred to the process technologies capabilities as a 
form of process improvement through the use of information technology. They 
explained that energy and lighting simulation tools are some examples of process 
technologies software, and that the use of such software may not only speed up, by 
orders of magnitude, difficult design tasks but also make possible design explorations 
that would be impractical with traditional methods.  As a result, they suggested that a 
firm’s process technological capabilities can be defined as the relative capabilities to 
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facilitate and improve a firm’s production processes through the use of computer-
aided software. Besides this, Tatum (1989) defined process technological capabilities, 
in a more mechanical sense, as a firm’s ability to achieve process improvement in 
construction methods designed to accomplish usual construction operations or to 
improve the efficiency of a standard operation.  
 
4.5.3 Domain 
This section focuses on the influence of a firm’s technological capabilities on 
determinants that may affect organizational flexibility are now discussed.  
 
4.5.3.1 Technological capabilities (X4) and organizational structure (X2) 
Woodward (1965) found that several critical structural variables are directly related to 
the nature of technology employed by firms. In particular, her findings attested that 
the nature of the technology fundamentally influences a firm’s management structure. 
According to her, the number of levels in the management hierarchy, the span of 
control of supervisors, and the ratio of managers and supervisors (in terms of direct 
supervision) to other personnel could all be affected by a firm’s technology. Similarly, 
Thompson (1967) established the relationship between technology and 
organizations, explaining that it is rational to find the significant relationship between 
technology and organizational structure owing to the interdependence among work 
units within an organization and across organizations, and the way tasks are coupled 
together. He added that firms need to implement technology in order to minimize 
coordination costs.  
 
On the other hand, Pugh et al. (1968) and Inkson et al. (1970), in their Aston studies, 
challenged the technology imperative on organizational structure, and argued that 
firm size, rather than technology, exerts a greater influence on organizational 
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structure. This is supported by Blau and Schroenheer (1971), who pointed out that 
firm size is the most important contextual determinant of organizational structure 
when technology and environmental conditions were employed as control variables. 
However, these assertions were subsequently challenged by other Aston 
researchers (for example, Aldrich, 1972; Child and Mansfield, 1972), who supported 
Woodward’s (1965) findings that technology is a major determinant of organizational 
structure.  
 
Ford and Slocum (1977) noted that there is no consensus that the relationship 
between technology and structure does exist based on three observations: (i) some 
studies found a strong relationship between technology and structure; (ii) some 
studies showed no statistically significant relationship between technology and 
structure; and (iii) some studies argued that different dimensions of organizational 
structure vary independently on size and technology. For example, Marsh and 
Mannari (1981) noted that both dimensions of organizational structure (i.e., 
complexity and formalization) are seen more as a variable of size instead of 
technology, while technology appears to exert greater influence than size on the 
dimension of ‘span of control’.    
 
In this study, it is hypothesized that:  
H12: Technological capabilities (X4) have a significant direct impact on 
organizational structure (X2).  
 
4.5.3.2 Technological capabilities (X4) and supply chain capabilities (X5) 
Many studies pointed out that organizations are increasingly relying on information 
technology to improve their supply chain processes (Yusuf et al., 2004; Wu et al., 
2006). According to Radjous (2003), the use of information technology can benefit a 
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firm’s supply chain process by: (i) reducing cycle and response time; (ii) achieving 
higher production efficiency and consistency; and (iii) delivering products to 
customers in a timely manner. Yusuf et al. (2004) explained that the impact of firms’ 
information technological capability on their supply chain capabilities is increasingly 
greater in the global business environment where companies grow through vertical 
integration and search for new overseas markets for improved competitiveness. As a 
result, the use of information technology to facilitate information flow among spatially 
distributed entities becomes necessary. For example, in a situation where a local 
project company collaborates with an overseas designer firm, the need to process 
and transfer large volumes of data in the form of designs, plans, budgets and reports 
across several administrative and operation units is necessary.    
 
Wu et al. (2006) found that effective use of information technology improves a firm’s 
supply chain capabilities, by means of improved information exchange, activity 
integration and coordination with supply chain partners, thus leading to superior 
supply chain responsiveness to marketplace changes. They added that the 
improvement in supply chain capabilities through information technology allows a firm 
to learn and respond to market changes better and quicker than its closest 
competitors.  This agrees with Lin et al. (2002) and Vakharia (2002), who argued that 
effective information sharing across the supply chain network can help firms to 
forecast market demand better, reduce inventory costs, and respond flexibly to 
customers’ changing requirements.  
 
Similarly, individual construction projects are heavily dependent on a wide range of 
professions that often operate independently but progressing collectively towards 
mutual accepted objectives of any project (Love et al., 1999; Cox and Ireland, 2002). 
Hence, this inevitably places a weighty importance on the use of information 
technology to improve coordination and communication between various professions 
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at different stages of any construction project (Cheng et al., 2001), in an attempt to 
achieve improved project performance for greater clients’ satisfaction.  
 
Based on the above, this study hypothesized that: 
H13: Technological capabilities (X4) have a significant direct impact on supply 
chain capabilities (X5).  
 
4.5.3.3 Technological capabilities (X4) and business strategies (X6) 
Porter and Miller (1985) argued that the evolution of technology has changed 
business competition in three ways. They are: (i) it changes the industry structure 
and thus alters the rule of competition; (ii) it creates competitive advantages by giving 
a firm new ways to outperform its competitors; and (iii) it spawns new businesses 
often from within a firm’s existing operations. All these collectively affect the way a 
firm operates, designs and strategizes its products and services for improved 
competitiveness. As a result, Itami and Numagami (1992) asserted that technology is 
one of the central factors in deciding a firm’s strategy.  
 
Zahara and Covin (1993) pointed out that firms should formulate technology policies 
that ‘closely fit’ their strategy for better deployment of resources and capabilities in 
their pursuit of goals based on the chosen business strategy. According to Porter 
(1985), an effective deployment of technological resources facilitates firms’ 
endeavour towards achieving sustainable competitive advantage and improved 
financial performance. He added that technology plays an important role in 
determining a firm’s cost position or differentiation strategy (see Section 4.7.2.2), in 
that it can raise or lower economies of scale, create the opportunity for advantage in 
timing, and influence many of the other drivers of cost or uniqueness. As such, he 
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suggested that a firm can use its technological capabilities to alter drivers in a way 
that favour it, or to be the first and only firm to exploit a particular driver.  
 
Based on the above, this study hypothesized that: 
H14: Technological capabilities (X4) have a significant direct impact on 
business strategies (X6) 
 
4.5.3.4 Technological capabilities (X4) and organizational flexibility (Y)  
Lucas and Olson (1993) considered the effect of information technology on business 
performance, and found that information technology contributes to organizational 
flexibility in three ways. These are: (i) changing the nature of a firm’s boundaries and 
the time when work occurs; (ii) altering the nature and pace of work; and (iii) helping 
firms to respond to a changing business environment. Through appropriate use of 
information technology, information processing improves, and thus firms are in a 
better position to make timely decision and take advantage of new opportunities in 
their business activities (Lucas and Olson, 1993). As a result, Johnson and Clayton 
(1998) suggested that information technology is no longer just a tool that 
incrementally improves ‘back office’ productivity but also is a strategic necessity for 
firms to develop and configure their flexible responses, via creating new product 
designs and new range of services, and improving inter-organizational relations.  
 
Similarly, Crocitto and Youssef (2003) highlighted that information technology 
improves firm competitiveness because it establishes an effective communication 
network among employers, employees, customers, subcontractors and suppliers 
(also see Section 4.5.3.2). This communication network provides critical linkages to 
real-time market information that is valuable for timely decision making, and thus 
improves firms’ flexibility potential in response to changes within the business 
  164 
environment (Lucas and Olson, 1993; Golden and Powell, 2000). According to 
Galbraith (1973), as the level of marketplace uncertainty or complexity increases, the 
information processing necessary to accomplish a task also increases.   
 
Correa (1994) pointed out that process technologies are increasingly recognized as 
an important aspect of manufacturing flexibility, and found that process technologies 
are associated with the flexibility of systems and equipment in terms of the set-up or 
changeover time requires for a process to change from producing one product to 
another. He discussed two different types of process technology in improving 
flexibility: (i) flexible automation that involves the use of computer controlled 
machines to control or modify processes to changes, and (ii) methodology based 
approach that emphasizes the interaction of an organization, human resource and 
conventional equipment in response to marketplace changes. Yadav et al. (2000) 
highlighted that process technology cannot itself contribute to different types of 
flexibility (see Section 3.6.2), and argued that it should be accompanied by other 
determinants, including: (i) human resources; (ii) supplier relationships; and (iii) 
information technologies, to achieving organizational flexibility.  
 
Based on the above, this study hypothesized that: 
H15: Technological capabilities (X4) have a significant direct impact on 
organizational flexibility (Y).   
 
4.5.4 Measurement items 
Table 4.5 summarizes the measurement items found in previous studies for 
evaluating a firm’s technological capabilities (see 3rd column), and the items 
incorporated in the data collection instrument of this study (see 4th column). It can be 
seen that only eight out of the 20 items identified in the literature were retained 
following the preliminary interviews (see Section 5.3) and pilot study (see Section 
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5.4.4) in the exploratory and reflective phases, respectively. Of these eight items, 
three were restructured into two items and subsequently labelled as IT1 and IT2 in 
the instrument (see Appendix C), while the other five items were redefined based on 
interviewees’ suggestions. In total, seven items were used to assess firms’ 
technological capabilities. Also, it was found that the majority of the interviewees 
recognized technological capabilities as a single-dimensional rather than a multi-
dimensional construct. The dimensionality of firms’ technological capabilities is 
examined in Section 7.3. 
 
Table 4.5 Measurement items for technological capabilities (X4) 
Possible 
dimension Authors Possible measurement items 
Remark 
(see legend for symbol 
connotation) 
(1) (2) (3) (4) 
Volberda (1998); 
Desarbo et al. 
(2005) 
Facilitating external communication and 
information sharing (for example suppliers, 
customers and channel members) 
Δ: refer to item IT1 in  
Appendix C, Q7.5 
Volberda (1998); 
Griego et al., 
(2000); Desarbo et 
al. (2005); Wang 
and Li (2007) 
Facilitating internal communication and 
information sharing (for example across 
different departments and across different 
levels of the organization) 
Δ: refer to item IT2 in  
Appendix C, Q7.5 
Obtaining real time information Δ: refer to item IT1 and IT2  in  Appendix C, Q7.5 Wang and Li 
(2007) Sharing and leveraging information about 
competing strategies of major competitors 
in a timely manner 
Δ: refer to item IT4 in  
Appendix C, Q7.5 
Facilitating international access to project 
information  
Facilitating the electronic storage and 
retrieval of project information (past or 
existing) to form a knowledge base 
Δ: refer to item IT3 in  
Appendix C, Q7.5 
Attracting and facilitating more local and 
international works  # 
Improving the document control process 
which reduces administration costs  # 
Stewart et al., 
(2002) 
Facilitating international strategic alliances  # 
Volberda (1998) Reducing response time  # 
Creating new product development 
projects  # 
Facilitating creation of market knowledge  # 






Desarbo et al. 
(2005) 
Facilitating creation of technical knowledge  # 
 Tatum (1989) 
Adopting different construction process 
technologies, such as different methods 
and materials to satisfy clients’ requirement 
Δ: refer to item PT1 in 






Applying computer-aided process 
technologies such as product designing, 
estimating and purchasing software 
Δ: refer to item PT2 in 
Appendix C, Q8.4 
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Possible 
dimension Authors Possible measurement items 
Remark 
(see legend for symbol 
connotation) 
(1) (2) (3) (4) 
Leading technology innovation in the 
company’s chosen business domain  
Δ: refer to item PT3 in 
Appendix C, Q8.4 Wang and Li 
(2007) Applying new technology to problem 
solving process in a timely manner # 
Applying new product development and 
manufacturing process Ξ Desarbo et al. 
(2005) 
Having advanced production facilities  Ξ 
Δ - modified based on the preliminary interview and pilot study findings and tested in subsequent 
fieldwork  
# - omitted from subsequent fieldwork based on findings from preliminary interviews and pilot study  
Ξ - not considered because the proposed item overlapped with others/ is not applicable to this study  
Legend: 
@ - incorporated into the questionnaire without modification, on the basis of the preliminary interview 
and  pilot study findings, and tested in subsequent fieldwork 
Note: Volberda (1998) and Griego et al. (2000) adopted a five-point Likert scale. Stewart et al (2002) adopted a 
five-point AHP scale. Wang and Li (2007) adopted a seven-point Likert scale. Desarbo et al. (2005) adopted a 
10-point Likert scale.   
 
 
4.6 Supply chain capabilities (X5) 
Competitive advantage no longer inhabits within an organization’s own internal 
capabilities but rather within the network of relationships and linkages that the 
organization can create with external organizations (for example, Underhill, 1996; 
Spekmann et al., 1999). According to Christopher (1992), companies increasingly 
see themselves as part of a supply chain that has to compete against other supply 
chains, rather than as a single firm competing against other individual firms. As a 
result, a firm’s supply chain capability is increasingly appreciated as an essential 
determinant of business competitiveness and performance (Akintoye et al., 2000; 
Langford and Male, 2001; Chang et al., 2006).  
 
4.6.1 Definition 
Recognizing its importance, the theme concerning supply chain relationship building 
and its management has not only attracted interest from mainstream organizational 
researchers (Eccles, 1981; Jones et al., 1997; Tan, 2001), but also in the 
construction management literature (Hinze and Tracey, 1994; Shash, 1998; Dainty et 
al., 2001). These studies provided valuable insights on how an effective supply chain 
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relationship and its management contribute to firm performance. Hitherto, little or no 
study has clearly defined a firm’s supply chain capabilities.  
 
In this study, efforts were made to derive an appropriate definition of supply chain 
capabilities by examining definitions concerning a firm’s supply chains and its supply 
chain management (SCM). Some of the definitions are now presented.  
 
According to Christopher (1992), a supply chain is defined as “the network of 
organizations that are involved through upstream and downstream linkages, in 
different process and activities that produce value in the form of products and 
services in the hands of the ultimate customer” (p.12). Next, Handfield and Nicholas 
(1999) considered an organization’s supply chains as “related processes, suppliers 
and customers that offer the greatest potential for achieving a competitive advantage, 
and that, therefore, hold the greatest promise for the ongoing success of the 
organization” (p.42). Following this, they classified a firm’s supply chains into internal 
and external supply chains. The former refers to the multiple links among different 
functional departments or divisions and employees of an organization, focusing on 
intra-organizational relationship building and communication. The focus of external 
supply chains is on a firm’s external business linkages, i.e., inter-organizational 
relationship. Handfield and Nicholas (1999) pointed out that it is important for a firm 
to identify key supply chain member organizations (i.e., suppliers and customers) that 
are vital to the firm’s SCM  endeavour, considering the efforts required to nurture and 
maintain an effective supply chain relationship.  
 
A general definition of SCM in the literature is that it is an approach considering how 
a firm manages and links its supply chain activities elements across several 
organizational boundaries, from the manufacturing and supply process of raw 
materials through to end users (Scott and Westbrook, 1991; New and Payne, 1995). 
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Subsequently, La Londe (1998) described SCM as the delivery of improved customer 
and economic value through coordinated management of the workflow of physical 
goods and associated information, from sourcing through consumption. This is 
shared by Van de Vorst and Beulens (2002), who defined SCM as “the integrated 
planning, co-ordination and control of all business processes and activities in the 
supply chain to deliver superior consumer value at minimum cost to the end-
consumer while satisfying requirements of other stakeholders” (p.410). In brief, the 
underlying principle is on how a firm: (i) utilizes its suppliers’ processes, technologies, 
and capabilities to enhance competitive advantage (Houlihan, 1985; Cooper et al., 
1997), and (ii) coordinates its manufacturing, logistics, materials, distribution, and 
transportation functions within its own structure (Lee and Billington, 1992; Tan, 
2002a; Duclos et al., 2003).  
 
In construction, Akintoye et al. (2000) adapted Christopher’s (1992) definition of 
supply chain in their attempt to define construction SCM. According to them, it is a 
“process of strategic management of information flow, activities, tasks and 
processes, involving various networks of organizations and linkages (upstream and 
downstream) involved in the delivery of quality construction products and services 
through the firms, and to the customer, in an efficient manner” (p.161). Besides 
looking at the upstream and downstream linkages of firms’ supply chains, Voordijk et 
al. (2000) pointed out that supply chains in the building industry consist of three 
major subsystems. They are: (i) the manufacturing of building materials and 
components; (ii) the construction activities or procurement processes; and (iii) the 
design of products, involving descriptions of the appearance, layout, drawings and 
specifications of every part. It appears that these three perspectives were included in 
Love et al.’s (2004) definition, stating that construction SCM is the “network of 
facilities and activities that provide customer and economic value to the functions of 
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design development, contract management, service and material procurement, 
materials manufacture and delivery, and facilities management” (p.44).  
 
Based on the above definitions, it appears that the focus of SCM is on how a firm 
integrates its supply chain member organizations, i.e., from material manufacturers 
and suppliers to end users, as a single entity, for better stakeholders’ performance 
and value through relationship building and management. Along these lines, supply 
chain capability is defined in this study as the extent to which a contractor is able to 
realize various desired outcomes through its SCM endeavour. Various desired 
outcomes may include: (i) improved products and services offered to clients; (ii) 
greater accessibility to strategic options; (iii) improved responsiveness to changes 
within the marketplace; and (iv) improved competitiveness.  
 
4.6.2 Inter-organizational relationship management practices 
Many studies highlighted that the degree of a firm’s supply chain capabilities is 
determined by the way partnership relationships among supply chain parties 
contribute to the flexibility components of the firm’s supply chain (Duclos et al., 2003; 
Garavelli, 2003). It follows that effective relationship management is a key 
determinant of firms’ supply chain capabilities towards achieving improved firm 
responsiveness and increased customers’ satisfaction (Krause, 1997; Narasimhan et 
al., 2001; Swafford et al., 2006). Table 4.6 summarizes the intra-organizational 
relationship management practices found in previous studies (see 2nd column), and 
shows the practices incorporated in the data collection instrument of this study (see 
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Table 4.6 Inter-organizational relationship management practices 
Authors Practices 
Remark 
(Refer to Legend for 
symbol connotation) 
(1) (2) (3) 
Providing subcontractors/suppliers the flexibility to 
plan their delivery schedule 
@:  refer to item RM6 in 
Appendix C, Q2.5 
Offering incentive scheme to suppliers and 
subcontractors (e.g. early payment) 
@: refer to item RM7 in 
Appendix C, Q2.5 Zou and Lim (2006) 
Organizing trainings for other supply chain parties  @: refer to item RM9 in Appendix C, Q2.5  
Keeping constant contact with end users to get 
feedback and keep track of their business need 
Δ: refer to item RM10 in 
Appendix C, Q2.5  Tan (2002a); Zou and Lim (2006) 
 Establishing frequent contact with supply chain 
parties by means of organizing informal gatherings 
Δ: refer to item RM11 in 
Appendix C, Q2.5  
Elmuti (2002); 
Duclos et al. (2003) Sharing information across supply chain parties 
Δ: refer to item RM11 in 
Appendix C, Q2.5 
Participating in the marketing efforts of customer Δ: refer to item RM8 in Appendix C, Q2.5  
Locating closers to the clients Ξ 
Requiring suppliers to locate closer to your firm Ξ 
Tan (2002a) 
Creating a compatible information system # 
Tan (2002a); Elmuti 
(2002) 
Creating a greater level of trust among supply chain 
parties via risk- and reward-sharing # 
Elmuti (2002) Stating clear objectives and expectation by supply chain parties  # 
Δ - modified based on the exploratory interview and pilot study findings and tested in subsequent 
fieldwork  
# - omitted from subsequent fieldwork based on the preliminary interviews and pilot study findings 
Ξ - not considered because the proposed item overlapped with others/ is not applicable to this study 
Legend: 
@ - incorporated into the questionnaire without modification, based on the preliminary interviews 
and pilot study findings, and tested in subsequent fieldwork 
 
In this study, only seven out of the 12 practices identified in the literature were 
retained following the preliminary interviews and pilot study. Of these seven 
practices, two were combined into a single practice due to their close similarities.  In 
total, six practices were tested in subsequent fieldwork to investigate the 
relationships between the intra-organizational relationship management practices 
and firms’ supply chain capabilities.  
 
4.6.3 Domain 
This section focuses on how firms’ supply chain capabilities influence their business 
strategies and flexibility potential.  
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4.6.3.1 Supply chain capabilities (X5) and business strategies (X6) 
As the business trend is shifting towards a platform of cooperative partnerships and 
vertical integration (see Section 2.4.3) and product development processes are 
becoming more complex (see Sections 2.4.4 and 2.4.5), firms with high quality 
relationships will soon able to derive benefits, which are difficult to realize single-
handedly (Pelton et al., 1997; Kale and Arditi, 2001). For example, firms’ improved 
capacity allows them to pursue new development in technologies, products and 
services, and to penetrate into new markets (Volberda, 1996; Young-Ybarra and 
Wiersema, 1999). According to Young-Ybarra and Wiersema (1999), a cooperative 
working arrangement could provide firms with speedy and efficient channels to 
achieve competitive positioning more readily than through internal development since 
it is less capital intensive and more flexible than a merger and acquisition strategy. 
These, to some extent, indicate the influence of supply chain capabilities on a firm’s 
business strategy. Details of firms’ business strategies are discussed in Section 4.7.  
 
Other benefits of having good supply chain partnership relationships may include: (i) 
reducing operational cost and material wastage through just-in-time purchasing and 
delivery; (ii) reducing lead time; (iii) increasing productivity; (iv) improving product and 
service quality through effective communications among supply chain parties; (v) 
improving firms’ ability to introduce new products; and (vi) improving a firm’s ability to 
offer a wide range of products and services (Krause, 1997; Spekman et al., 1998; 
Yusuf et al., 2004). Of these benefits, (i), (ii) and (iii) could be linked to either Porter’s 
(1980) cost leadership strategy (see Section 4.7.2.2) or Treacy and Wiersema’s 
(1993) operational excellence initiative (see Section 4.7.2.3). As for (iv), (v) and (vi), 
these benefits could be related to Treacy and Wiersema’s (1993) product leadership 
initiative.  
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In construction, various benefits of having good supply chain partnership 
relationships are similar to those aforementioned. For example, Langford and Male 
(2001) pointed out that having high synergetic relationships with subcontractors and 
suppliers can provide contractors with preferential or advanced access to cost 
effective inputs over and above other firms (i.e. longer credit term, lower cost, better 
services and faster response). This is shared by Pearson (1999), who found that 
some clients and contractors implemented SCM as part of their business strategy in 
an attempt to derive greater price discounts from their downstream counterparts. 
This, to some extent, reflects firms’ cost leadership strategy.  
 
Based on the above, this study hypothesized that: 
H16: Supply chain capabilities (X5) have a significant direct impact on 
business strategies (X6)  
 
4.6.3.2 Supply chain capabilities (X5) and organizational flexibility (Y) 
According to Handfield and Nichols (1999), via good partnership relationships with 
key suppliers and customers, firms could derive superior capabilities that enable 
them to deal effectively with marketplace uncertainties and complexities. This can 
partly be explained in relation to firms’ ability to utilize different supply chain channels 
according to the level and types of changes within the business environment. For 
example, the use of different logistics channels allows firms to deal with unexpected 
events such as demand peak, urgent need of particular raw materials or operational 
expertise, and sudden change in clients’ delivery requirements. As a result, many 
studies found that a firm’s supply chain capabilities have a direct impact on its 
organizational flexibility.  
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In manufacturing, many studies found positive relationships between a 
manufacturer’s supply chain capabilities and various flexibility types comprising: (i) 
volume flexibility; (ii) production flexibility; (iii) market flexibility; (iv) procurement 
flexibility; and (v) delivery flexibility (Vickery et al., 1999; Duclos et al., 2003; Sanchez 
and Perez, 2005). Similarly, in construction, Usdiken et al. (1988) pointed out that 
availability of subcontracting enables general contractors to retain flexibility in 
addressing the ‘balancing of components’ problem under uncertain demand 
conditions. This is shared by Hillebrandt and Cannon (1990), who pointed out that, if 
subcontracting is managed effectively, it will improve contractors’ flexibility in 
operating across different geographical location.  
  
Based on the above, this study hypothesized that: 
H17: Supply chain capabilities (X5) have a significant direct impact on 
organizational flexibility (Y) 
 
4.6.4 Measurement items  
Table 4.7 summarizes the list of measurement items operationalized by previous 
studies in evaluating a firm’s supply chain capabilities (see 2nd column), and shows 
the items incorporated in the data collection instrument of this study (see 3rd column). 
It can be seen that only nine out of the 19 items identified in the literature were 
retained following the preliminary interviews (see Section 5.3) and pilot study (see 
Section 5.4.4) in the exploratory and reflective phases, respectively. Of these nine 
items, two were combined into a single item (which was labelled as item SC1) due to 
their close similarities as suggested by interviewees, while one item was restructured 
into Q5.2 (see Appendix C). In total, seven items were developed to assess firms’ 
supply chain capabilities.  
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Table 4.7 Measurement items for supply chain capabilities (X5) 
Authors Possible measurement items 
Remark 
(Refer to Legend for 
symbol connotation) 
(1) (2) (3) 
Akintoye et al. (2000); Langford 
and Male (2001); Love et al. 
(2004) 
Improve cost benefits (i.e. longer credit term, 
lower cost) 
National research council 
(2000); Akintyoe et al. (2000); 
Elmuti (2002) 
Improve competitiveness and profitability 
Δ: refer to item SC1 in 
Appendix C, Q5.1 
Sethi and Sethi (1990); 
Swafford et al. (2006) 
Improve ability to source materials, products 
and services globally  
Δ: refer to item SC2 in 
Appendix C, Q5.1 
Goldman et al. (1994); Krause 
(1997); Sharifi and Zhang 
(1999); Akintoye et al. (2000); 
Langford and Male (2001); 
Yusuf et al. (2004) 
Improve the quality of products and services 
in terms of delivery and reliability  
Δ: refer to item SC3 in 
Appendix C, Q5.1  
Akintoye et al. (2000) Simplify construction, tendering, and design process with clients 
Δ: refer to item SC4 in 
Appendix C, Q5.1 
Goldman et al. (1994); Sharifi 
and Zhang (1999); Swafford et 
al. (2006) 
Reduce delivery lead time (or change 
delivery times of order placed with suppliers) 
Δ: refer to item SC5 in 
Appendix C, Q5.1 
Slack (1983); Sethi and Sethi 
(1990); Swafford et al. (2006)  
Adjust to different distribution delivery 
requirements to meet customers’ need 
Δ: refer to item SC6 in 
Appendix C, Q5.1 
Elmuti (2002); Arditi and 
Chotibhongs (2005); Ng and 
Tang (2008) 
Improve access to new technology (or 
improve firms’ accessibility to specialized 
expertise, machineries and equipment) 
Δ: refer to item SC7 in 
Appendix C, Q5.1 
Jones et al. (1997); National 
research council (2000); Tan 
(2002a); Swafford et al. (2006); 
Dainty et al. (2001); Kale and 
Arditi (2001) 
Improve responsiveness to changing market 
needs/demand (or Improve firms’ 
organizational capacity to manoeuvre in an 
unstable market condition) 
Δ: refer to Q 5.2 in 
Appendix C  
Sethi and Sethi (1990); 
Goldman et al. (1994);  
Swafford et al. (2006) 
Alter delivery schedule or worldwide delivery 
capacity to meet changing customer 
requirement 
# 
Goldman et al. (1994); Krause 
(1997); Swafford et al. (2006) 
Increase production capacity and frequency 
of new product introductions Ξ 
Hillebrandt and Cannon (1990); 
Elmuti (2002) 
Increase the firm’s presence in a new market 
and/or increase market share (or a higher 
flexibility in companies’ operation across 
different geographical locations) 
# 
Hillebrandt and Cannon (1990); 
Akintoye et al. (2000); Elmuti 
(2002); Yusuf et al. (2004); 
Arditi and Chotibhongs (2005); 
Ng and Tang (2008) 
Improve use of human resource, and thus 
reduce operational cost # 
Goldman et al. (1994); Sharifi 
and Zhang (1999); National 
research council (2000); Elmuti 
(2002); Swafford et al. (2006) 
Reduce product realization cycles and lower 
product development cost for new product 
development  (or increase in productivity) 
# 
National research council 
(2000); Elmuti (2002) 
Reduce capital investment in excess 
operational capacity (or make capital fund 
available for more profitable operation) 
# 
Akintoye et al. (2000) Simplify construction and order processes with suppliers # 
Δ - modified based on the preliminary interview and pilot study findings and tested in subsequent 
fieldwork  
# - omitted from subsequent fieldwork based on findings from preliminary interviews and pilot study  
Ξ - not considered because the proposed item overlapped with others/ is not applicable to this study 
Legend: 
@ - incorporated into the questionnaire without modification, on the basis of the preliminary 
interview and pilot study findings, and tested in subsequent fieldwork 
Note: The majority of the measurement items were not administered by any measurement scale, except for 
measurement items used in few studies. For example, Akintoye et al. (2000) adopted a five-point Likert scale. 
  175
 
4.7 Business strategies (X6) 
Business strategy is hypothesized as one possible determinant of organizational 
flexibility (see Figure 3.2). According to Barney (1996) and Kale (1999), strategy is a 
broad concept that may cover different perspectives (i.e., the linear, interpretative [or 
eclectic] and adaptive perspectives) and different aspects (for example, means, 
strategy-making process, and hierarchical levels). Therefore, the following section 




The perspective and aspect of strategy of this study are now discussed.   
 
4.7.1.1 Perspectives of strategy 
Considering the research focus on the contractor’s flexible behaviour, the definition of 
strategy adopted in this study is orientated towards the adaptive perspective of 
strategy; a perspective that is closely related to the theories of dynamic contingency, 
resource-based, and complexity (see Sections 3.9.1, 3.9.3 and 3.9.4). Following 
Barney’s (1996) definition, strategy is defined in this study as a pattern of resources 
allocation and capabilities reconfiguration that enables a firm to maintain or improve 
its performance, via: (i) neutralizing threats; (ii) exploiting opportunities; (iii) 
capitalizing on strengths; and (iv) avoiding weaknesses, in keeping with changes 
within the business environment.  
 
In comparison, Chaffee (1985) noted that the adaptive perspective does not deal as 
emphatically as the linear perspective with decisions about goal, but rather the 
former focuses the manager’s attention on adaptive strategies in response to the 
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firm’s environment. As for the linear perspective, the focus is on the rigidities of 
strategic planning emphasizing the methodical, directed, sequential action involved in 
planning an organization’s long-term goals (Ansoff, 1965; Chaffee, 1985). According 
to Volberda (1998), this perspective tends to emphasize planning “what to do” rather 
than “what the organization might be capable of doing in the future” and as a result, it 
underestimated or oversimplified the influence of the environment on firms’ strategy. 
That is to say, it assumes that everything remains constant after the implementation 
of strategy (Volberda, 1998), and thus ignores the importance of strategic flexibility 
(Bourgeois and Brodwin, 1984).  
 
Also, rather than emphasizing changes with the business environment, as in the case 
of the adaptive strategy perspective, the interpretative perspective considered 
strategy as symbolic actions and communication within an organization (Chaffee, 
1985). Under this perspective, in an attempt to maintain its flexibility, a firm needs to 
create strategic schemas or frames of reference that are broad enough to encourage 
strategic initiative and narrow enough to suppress counterproductive actions by the 
members of the organization (Chaffee, 1985; Volberda, 1998). The emphasis is to 
create an ‘ideological’ and ‘creative’ environment within an organization, and so, 
flexibility becomes the firm’s imaginative capacity.  
 
4.7.1.2 Aspects of strategy 
The focus of this study is on the ‘means’ aspect of business strategy, which is also 
known as strategy content (see Fahey and Christensen, 1986), emphasizing the way 
a contractor operates in its operating business environment. Under this aspect, three 
levels of strategy can be identified: (i) corporate level strategy; (ii) business level 
strategy; and (iii) functional level strategy. The corporate level strategy refers to a 
firm’s mission and objectives, and is primarily concerned with answering the question 
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of ‘what set of business should we be in’ (Hofer and Schendel, 1978; Hambrick, 
1980). As for the business-level strategy, it refers to the specific strategies adopted 
by a firm to achieve its mission and objectives, and is primarily concerned with 
answering the question of “how we compete in a given line of business” (Hambrick, 
1980; Kale, 1999). Next, the functional-level strategy refers to tactics or policies 
regarding specific areas of business operation, such as marketing, human resource, 
and finance, to facilitate the implementation of a firm’s business-level strategies 
(Kale, 1999).  
 
In view of the above discussion, it appears that the business-level strategy is in line 
with the research direction of this study, addressing the question of how a contractor 
competes, for continued existence, in the Singapore construction industry rather than 
the question of what business should the contractor engages. Similarly, the 
functional-level strategy appears to be less relevant in this section, but rather it is 
more applicable to the previous sections (for example, Sections 4.4, 4.5 and 4.6); 
since the functional-level strategy is concerned with a contractor’s tactics and policies 
on specific operational issues such as human resources and technologies.  
 
4.7.2 Business strategy models 
In the business strategy literature, three predominant business strategy models can 
be identified. They are:  (i) Miles and Snow’s (1978) generic strategies; (ii) Porter’s 
(1980) generic strategies; and (iii) Treacy and Wiersema’s (1993) value disciplines. 
These strategy models have received considerable research interest, and have been 
applied in different industry settings, including the manufacturing, petrochemical and 
construction industries. These three strategy models are presented in Figure 4.2 and 
are reviewed below. It should be noted that efforts were made to combine various 
strategies, proposed by the models, into possible dimensions which could be used in 
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Figure 4.2 Groupings of various strategies into possible dimensions 
 
 
4.7.2.1 Miles and Snow’s (1978) generic typology 
This model is largely oriented towards firms’ products or services and market 
development, and proposed four categories of strategy. They are: (i) prospectors; (ii) 
defenders; (iii) analyzers (with or without innovation); and (iv) reactors. Descriptions 
of respective strategies are provided as follows.  
(i) The prospector’s strategic orientation is characterized by firms’ behaviour to 
constantly experiment with new things (i.e., ideas, technology and process) in 
search of new opportunities, and thus initiating changes in a given product or 
service and market domain (Miles and Snow, 1978). It concerns the way a 
firm competes through its propensity for seizing new opportunities rather than 
exploits its situation or develops efficiencies in its input-output transformation 
process. In sum, a prospector is the initiator of change, seeking new products 
and services, and leads the market in innovation. As a result, many other 
firms need to adjust to the prospector’s action (Burton et al., 2006).  
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(ii) The defender’s strategic orientation is characterized by firms’ behaviour to 
concentrate on a narrow product or service and market domain, and defend 
their territory by emphasizing efficient transformation of inputs into outputs 
(Miles and Snow, 1978). It concerns the way a firm exploits its resources and 
situation, emphasizing the cost and quality of products or services, rather 
than explores anything new or being innovative. In sum, a defender maintains 
its position by efficient utilization of its resources, and develops its core 
competence in offering particular products and services.  
 
(iii) The analyzer’s strategic orientation shares the characteristics of both the 
prospector and defender (Miles and Snow, 1978). As a result, an analyzer 
can be either with or without innovation. The latter is similar to the role of a 
defender except that it does possess a passive innovative strategy, i.e., 
following the market trend and imitating similar products and services to 
satisfy customer needs. As for the analyzer with innovation, it is a dual 
strategy combining both aspects of the defender and prospector, emphasizing 
the exploitation of a firm’s current market position and its utilization of 
resources as well as the development of new products, services and delivery 
processes (Burton et al., 2006). Accordingly, an analyzer (with or without 
innovation) maintains its balance by selecting and pursuing new opportunities 
while also establishing its core competence on a particular product or service.   
 
(iv) The reactor’s strategic orientation refers to a firm that does not have a well-
defined strategy and is unwilling to assume risks (Miles and Snow, 1978). It 
follows that a reactor is neither an explorer nor exploiter, but rather a firm that 
pursues a “wait-and-see” approach, placing great emphasis on risk 
management in its business ventures.  
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4.7.2.2 Porter’s (1980) generic typology 
Porter (1980) highlighted that the path towards sustainable competitive advantage is 
the successful development of an internally consistent strategy, and proposed three 
generic strategies for creating a defensible position and outperforming competitors in 
a particular industry. They are: (i) cost leadership strategy; (ii) differentiation strategy; 
and (iii) focus strategy. According to Porter (1980), firms must follow only one of the 
three inherently incompatible strategies in order to succeed. For firms that pursue a 
balanced strategy of cost leadership and differentiation, they will be ‘stuck-in-the 
middle’ and may not fully realize the desired benefits of each distinctive strategy 
(Porter, 1980; 1985). This is because the firms will experience difficulties in deploying 
their organizational resources since the ways to “achieving cost leadership and 
differentiation are usually inconsistent” (Porter, 1985:18).  
 
However, in the face of the increasing global competition, many studies argued that it 
is no longer effective to simply focus on one of the generic strategies, and that firms 
should combine strategies according to their strategic intent (for example, Harrison 
and John, 1998; Yamin et al., 1999; Srivannaboon and Milosevic, 2006). Miller 
(1992) argued that there are dangers associated with the exclusive pursuit of a single 
generic strategy proposed by Porter (1980, 1985). He explained that firms which 
pursue a strategic product specialization strategy may face serious gaps and 
weaknesses in product offerings, as they are likely to ignore the changing needs of 
their customers, and as a result, the firms may become inflexible, failing to seize 
opportunities and overcome competitive threats triggered by the changing business 
environment. This is shared by Wright et al. (1990), who found that US companies 
pursuing multiple strategies (for example, low-cost and differentiation) outperform 
their counterparts that mainly compete with one strategy. Similarly, Ling et al. (2005) 
found that the more effective business strategies for international construction firms 
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that undertake projects in China is the adoption of both the differentiation and low-
cost strategies. This combination is often known as the ‘Best-Cost’ strategy.  
 
Having considered the subsequent development of Porter’s (1980, 1985) generic 
strategy, descriptions of the four strategies are now presented.   
(i) The cost leadership strategy necessitates firms to emphasize low cost 
advantages relative to their competitors but not totally neglecting the quality of 
their products or services (Porter, 1980). According to Porter (1980), this form 
of strategy seeks all sources of cost advantages that derive from the 
characteristics and structure of the industry such as economies of scale and 
scope, and preferential access to raw materials. Approaches to the cost 
leadership initiative may include: (a) adopting a tight control and overhead 
cost; (b) minimizing coordination cost across functional departments; (b) 
conducting business operations and activities in an efficient manner.  
 
(ii) The differentiation strategy necessitates firms to offer something unique and 
unrivalled, distinct from its competitors, which are widely valued by the 
industry, thus achieving competitive advantage (Porter, 1980). It usually 
involves having a core competence that competitors cannot easily match or 
imitate (Hamel and Prahalad, 1994). In general, the differentiation strategy 
enables a firm to demand a premium price over the industry average, which 
can be achieved by differentiating different aspects of the firm’s business 
depending on the industry’s characteristics (Porter, 1980). Some aspects may 
include: (a) the range of products or services offered; (b) the type of 
technology used; (c) the type of delivery system offered; and (d) the type of 
marketing approach adopted.  
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(iii) The focus strategy necessitates firms to pursue a lowest cost strategy or 
deliver differentiated products to a specific niche domain (Porter, 1980; 1985). 
Similar to those mentioned in Section 2.3.1 concerning contractors’ 
specialization, firms may concentrate on a particular market, group of clients 
and geographical location, and offer a narrow range of products and services.  
 
(iv) The best-cost strategy necessitates firms to combine strategies in creating a 
sustainable competitive advantage. According to Hill (1988) and 
Srivannaboon and Milosevic (2006), it becomes necessary for firms to 
combine both low-cost and differentiation strategies owing to the maturity of 
industries where many firms possess similar minimum cost structures. As a 
result, there is no unique low-cost position. Under such situations, firms that 
successfully emphasize both differentiation and low cost, in their attempt to 
address customer values (for example, fast time-to-market and superior 
product quality) and provide low-cost products, will be rewarded by superior 
economic performance (Hill, 1988; Srivannaboon and Milosevic, 2006).  
 
4.7.2.3 Treacy and Wiersema’s (1993) value disciplines model 
Treacy and Wiersema’s (1993) ‘value disciplines’ model was developed on the basis 
that firms need to deliver superior customer value in order to remain competitive. The 
model identified three inherently incompatible value disciplines: (i) operational 
excellence; (ii) customer intimacy; and (iii) product leadership. These disciplines are 
now discussed.    
(i) The operational excellence initiative implies providing customers with reliable 
products or services at a very competitive price, and delivering what is 
required with minimum difficulty or inconvenience (Treacy and Wiersema, 
1993).  Firms pursuing an operational excellence are actively seeking ways 
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to: (a) minimize overhead costs; (b) eliminate redundant steps; (c) reduce 
transactions and other coordination costs; and (d) optimize business 
processes across functional and organizational boundaries (Treacy and 
Wiersema, 1993).  
 
(ii) The customer intimacy initiative implies “segmenting and targeting markets 
precisely and then tailoring offerings to match exactly the demands of those 
niches” (Treacy and Wiersema, 1993:84). According to Treacy and Wiersema 
(1993), firms that excel in customer intimacy are often found to share a 
common characteristic, i.e., they are capable of integrating detailed customer 
knowledge with operational flexibility in effectively addressing customers’ 
requests. As a result, this leads to tremendous customer loyalty and in turn, 
improves the firms’ profitability.         
 
(iii) The product leadership initiative implies offering customers a continuous 
stream of state-of-the-art products and services that seek to consistently 
improve the customers’ use or application of the products (Treacy and 
Wiersema, 1993). Also, this helps a firm to disrupt its competitors’ business 
strategies. To excel in product leadership, firms should challenge themselves 
in three ways (Treacy and Wiersema, 1993): (a) recognizing and embracing 
creative ideas; (b) commercializing their new ideas promptly; and (c) 
engaging in a continuous process to upgrade their products or services and 
pursue new opportunities.   
 
4.7.3 Possible dimensions 
The review above suggests that the 11 generic business strategies share some 
common characteristics. Figure 4.2 shows that four groups of dimensions can be 
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identified. Group 1, the cost leadership initiative, focuses on cost effectiveness and 
efficient utilization of organizational resources. As for Group 2, the product leadership 
initiative focuses on products and services in gaining competitive advantage over a 
firm’s closest competitors. As mentioned earlier in Section 4.7.2.2, the focus strategy 
focuses on either a low cost advantage or differentiation advantage within a niche 
market; hence it is placed across Groups 1 and 2 in Figure 4.2. Following this, Group 
3 is the customer intimacy initiative that emphasizes offering best customer values. 
The last grouping is referred to the risk leadership initiative, focusing on the risk 
minimization behaviour of firms (see Section 4.7.2.1, part iv). All these suggest that 
business strategies may comprise four dimensions, i.e., (i) cost leadership; (ii) 
product leadership; (iii) customer intimacy; and (iv) risk leadership.  
 
4.7.4 Business strategies (X6) and organizational flexibility (Y) 
Many manufacturing-related studies highlighted that business strategies are strongly 
related to a firm’s flexibility potential (for example, Upton, 1995b; Chang et al., 2003). 
In view of the importance of business strategy, Suarez et al. (1996) pointed out that it 
is important for manufacturers to consider several strategic factors before planning 
and implementing flexibility. In studying the relationships between business 
strategies, manufacturing flexibility and firm performance, Gupta and Somers (1996) 
found that business strategy has direct effects on the adoption of manufacturing 
flexibility, which in turn, indirectly affects business performance. This finding is 
subsequently substantiated by Chang et al. (2003), who found that compatibility of 
manufacturing flexibility and business strategy is necessary for a firm to achieve 
better performance. They examined how the three business strategy categories, i.e., 
(i) pre-emptive/first mover; (ii) low cost/follower; and (iii) differentiation/follower, affect 
the development of a firm’s flexibility, which in turn, shapes the firm’s performance.     
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Similarly, Wernerfelt and Karnani (1987) took the view that the choice of business 
strategies does influence a firm’s flexibility potential, to some extent, by exemplifying 
two scenarios. First, a firm, focusing its resources on one technology, could become 
a strong competitor only if the selected technology turns out to be the right choice. 
On the other hand, the firm can spread its investment over several technologies in 
order to maintain its flexibility for lower risk exposure. They opined that the latter is an 
important strategy to deal with uncertainty. According to them, a firm could lessen the 
impact of marketplace changes by: (i) investing in flexible assets that can be used 
under several scenarios or in multiple-purpose assets that can be sold to other 
organizations, and (ii) entering into cooperative working arrangements such as joint 
ventures or alliances. This view is shared by Starkey et al. (1991), who noted that the 
business trend in achieving flexibility is shifting towards: (i) cooperative working 
arrangements; (ii) vertical disintegration; (iii) networking; (iv) subcontracting (see 
Section 4.6.3 for further details); and (v) outsourcing. This agrees with Harrigan 
(1985) that the ‘contracting out’ strategy is particularly valuable in cruising a firm 
through fast-paced changes in technology, by outsourcing new production while 
avoiding committing the firm to a major investment in making products that change 
rapidly.  
 
From the financial management perspective, Volberda (1998) pointed out that a firm 
could gain flexibility through various means. These include: (i) increasing the 
availability of financial resources that have not yet been allocated; (ii) restricting long-
term contracts that cannot be terminated prematurely; (iii) investing in liquid assets; 
and (iv) leasing certain industrial equipments. Besides this, he identified various 
strategies that could help to improve a firm’s flexibility potential, for example, 
adopting a product and service diversification strategy and entering into collaborative 
working relationship. Other strategies identified are summarized in Section 4.7.5.  
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In construction, Langford and Male (2001) pointed out that contractors could improve 
their liquidity via: (i) downsizing construction operations to reduce overheads; (ii) 
reducing debts; and (iii) investing cash in the money markets to earn interest. They 
added that contractors should adopt a diversification strategy to mitigate the impact 
of cyclical fluctuation in the domestic construction output. Contractors were 
encouraged to diversify into: (i) overseas markets; (ii) construction-related services 
(for example, landscaping and supply of building material); and (iii) non construction-
related activities (for example, maintenance of airport and health care facilities) 
(Hillebrandt and Cannon, 1990; Langford and Male, 2001). In fact, studies 
concerning the flexible behaviour of contractors in response to economic downturns, 
could offer deeper insights into the adopted strategies. In this study, practices 
identified by various studies such as Hillebrandt et al. (1995), Boon (1996) and Low 
and Lim (1999; 2000) are summarized in Table 4.8.    
 
 Apart from the above, Raftery et al. (1998) pointed out that it is necessary for 
contractors to adopt a differentiation strategy, providing integrated services such as  
project financing, construction, operation and maintenance of built facilities, in their 
attempts to seek more work and sustain turnover. This agrees with Yates (1994) that 
greater equity participation by contractors in project financing is one of the means to 
secure projects. Although these practices do not directly indicate the influence of 
strategy on flexibility, it should be noted that, through these practices, contractors are 
able to establish closer relationships with their clients, which in turn, will improve their 
competitiveness (Hawk, 2006; Green et al., 2008). This indirectly enhances a firm’s 
flexibility; especially in bad times, these established relationships might present 





Based on the above review, this study hypothesized that:  
H18: Business strategies (X6) have significant a direct impact on 
organizational flexibility (Y). 
 
4.7.5 Measurement items  
The heterogeneity of firms, as highlighted in the resource-based theory (see Section 
3.9.3), which makes firms conduct their business differently, may partly explain the 
lack of a well-accepted way to assess firms’ business strategies. In this study, 
instead of focusing on the ways how firms advance in their business (for example, by 
establishing a subsidiary in a foreign country to support an overseas venture), an 
effort was made to understand and identify the common strategies adopted by 
Singapore contractors in managing their business. Table 4.8 shows the business 
strategies found in previous studies (see 2nd column) and the items incorporated in 
the data collection instrument of this study (see 3rd column).  
 
Table 4.8 Measurement items for business strategies (X6) 
Authors Possible measurement items 
Remark 
(Refer to Legend for 
symbol connotation) 
(1) (2) (3) 
Volberda (1998) 
Adopting horizontal mergers and acquisition 
strategy to control competitive uncertainties through 
adjusting industry structure  
Δ: refer to item B1 in 
Appendix C,  Q6.1 
Wernerfelt and Karnani 
(1987); Volberda (1998); 
The Contractor (1998) 
Entering into collaborative working relationship e.g., 
alliance, partnering and joint venture  
Δ: refer to item B2 in 
Appendix C, Q6.1   
Volberda (1998) Adopting a vertical integration to control input or demand uncertainties 
Δ: refer to item B3 in 
Appendix C, Q6.1   
Volberda (1998); 
Langford and Male 
(2001) 
Adopting product and service diversification strategy  Δ: refer to item B4 in Appendix C, Q6.1 
Hillebrandt et al. (1995) Bidding for more projects that are within the firm’s capabilities 
@: refer to item B5 in 
Appendix C, Q6.1  
Hillebrandt et al. (1995); 
The Contractor (1998) Submitting a low tender price to secure projects 
Δ:  refer to item B6 in 
Appendix C, Q6.1   
Wernerfelt and Karnani 
(1987); Volberda (1998) 
Investing into assets of high liquidity characteristic 
such as using general purpose facilitate and 
equipment     
Δ: refer to item B7 in 
Appendix C, Q6.1 
Volberda (1998) Creating uncommitted resources such as instant reserve 
@: refer to item B8 in 
Appendix C, Q6.1   
Hillebrandt et al. (1995); 
Boon (1996); Volberda 
(1998) 
Implementing stricter financial management @: refer to item B9 in Appendix C, Q6.1   
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Authors Possible measurement items 
Remark 
(Refer to Legend for 
symbol connotation) 
(1) (2) (3) 
Setting limitation to the size of project undertaken so 
that any failure of one project would not endanger 
the firm’s operation  
@: refer to item B10 in 
Appendix C, Q6.1   Hillebrandt et al. (1995) 
Entering into forward contracts or fixed term 
agreements with certain suppliers to protect 
themselves for cost escalation when market upturn 
Δ:  refer to item B11 in 
Appendix C, Q6.1   
Wang and Li (2007) Investing into R&D to further explore business opportunities 
@: refer to item B12 in 
Appendix C, Q6.1   
Hillebrandt and Cannon 
(1990); Hillebrandt et al. 
(1995); Volberda (1998); 
Langford and Male 
(2001) 
Seeking opportunities in overseas markets 
 
Boon (1996); Volberda 
(1998); Low and Lim 
(1999; 2000) 
Keeping constant contact with our customer to keep 
track of their existing and future needs 
Δ: refer to item B13 in 
Appendix C, Q6.1 
Volberda (1998) Reducing specialized commitment.  # 
Raftery et al. (1998) Adopting a differentiation strategy  # 
Yates (1994); Hillebrandt 
et al. (1995); Langford 
and Male (2001) 
Offering financial packages # 
Low and Lim (1999; 
2000) Sourcing directly from material suppliers # 
Δ - modified based on the preliminary interview and pilot study findings and tested in subsequent 
fieldwork  
# - omitted from subsequent fieldwork based on findings from preliminary interviews and pilot 
study  
Legend: 
@ - incorporated into the questionnaire without modification, on the basis of the preliminary 
interview and  pilot study findings, and tested in subsequent fieldwork 
Note: The majority of the measurement items were not administered by any measurement scale, except for 
measurement items used in few studies. For example, Volberda (1998) adopted a five-point Likert scale. 
 
It can be seen that 14 out of the 18 strategies identified in the literature were retained 
following the preliminary interviews and pilot study in the exploratory and reflective 
phases, respectively. Of these 14 items retained, two were combined into a single 
item (labelled as item B13) based on interviewees’ suggestions that their overseas 
ventures are usually led by clients. Also, three additional items (i.e., practices) were 
identified during the preliminary interviews (see Section 5.3) and subsequently 
labelled as B14, B15 and B16 in the instrument (see Appendix C). In total, 16 items 
were used to assess firms’ business strategies. The dimensionality of firms’ business 
strategy is examined in Section 7.3.2.2.  
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4.8 The role of environments on firms’ resources and capabilities, and 
flexibility  
This section focuses on the external environment of an organization in an effort to 
establish the interdependence between organizations and environments. To 
establish the interdependence, a revisit to the theoretical framework of this study is 
necessary (see Section 3.9). First, from the dynamic contingency perspective (see 
Section 3.9.1), managers’ perceptions of the environments together with their choice 
of actions result in enacted environments that are resultants of both environmental 
influences and organizational decisions. As highlighted in Section 3.9.1, this process 
is largely dependent on managerial competency in creating, filtering and reshaping 
environmental influences towards organizational survival.  
 
Also, environments directly influence organizational outcomes, which will, in turn, 
shape subsequent managerial perceptions and decisions (Scott, 1992). In light of 
resource-based perspective (see Section 3.9.3), the comparative advantages of 
organizational resources and capabilities could be dissipated by environmental 
influences if they are not constantly developed in line with changes within the 
environment (Barney, 1991; Peteraf, 1993). For their continued existence, managers 
need to learn, unlearn and relearn about the marketplace changes and build on their 
existing resources and capabilities, and subsequently reconfigure internal and 
external resources and capabilities into different strategies that enable them to adapt 
and respond flexibly to changes within their business environment.  
 
Based on the above description, it appears logical to measure the external 
environment of firms based on participants’ perception. This is because managers’ 
perceptions of the environment become the reality, and subsequently this perceived 
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‘reality’ forms the basis of judgments for organizational actions (Dill, 1958; Lawrence 
and Lorsch, 1967; Duncan, 1972).  
 
In this study, the environmental component was included to examine how 
environment conditions moderate the interactive relationship between the key 
determinants and organizational flexibility. How environment conditions influence 
firms’ endeavours to develop and nurture their resources and capabilities towards 
achieving organizational flexibility was investigated in the fieldwork. Hitherto, it is 
noted that few studies were done to examine the influence of environmental 
conditions on the interactive relationships between resource-based determinants and 
organizational flexibility in the construction management literature. Besides this, the 
endeavour to develop and enhance a firm’s resources and capabilities towards 
achieving organizational flexibility, for better responsiveness to marketplace changes, 
always means a cost commitment. Based on the moderated relationships, firms can 
seek the appropriate level of organizational resources and capabilities required 
corresponding to the level of environmental turbulence.  
 
4.8.1 Possible dimensions  
Studies suggested that environmental turbulence can exist in various forms (Duncan, 
1972; Jauch and Kraft, 1986; Milliken, 1987). These include: (i) technological 
turbulence; (ii) market turbulence; and (iii) competitive turbulence. Descriptions of 
these dimensions are now provided.  
 
Milliken (1987) considered technological turbulence as the degree of difficulty faced 
by firms to accurately predict or completely understand some aspects of the 
technological environment. This view is shared by Desarbo et al. (2005), who 
considered this dimension as the difficulty of technological forecasting, the 
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assessment of technological changes, the extent of technical opportunity and other 
aspects of technology. As highlighted in Section 4.5, the technological advancement 
has caused changes in business competition, creating new imperatives on how firms 
operate. For example, new knowledge can be applied and communicated at a faster 
pace, greater numbers of new products and services can be introduced over time, 
more real-time information can be collected, analyzed and shared among parties, 
and there is a greater emphasis of technologically advanced buildings.    
 
Turning to market turbulence, Kohli and Jaworski (1990) and Wang and Li (2007) 
considered it as changes in the composition of customers and their preferences, and 
also the intensity of competition with the industry. They included the ‘competitive’ 
element into the market turbulence dimension, based on the argument that the state 
of competition and market turbulence are closely related (Houston, 1986; Kohli and 
Jaworski, 1990). To exemplify this relationship, Kohli and Jaworski (1990) mentioned 
that, in the absence of competition, firms perform well even if they do not possess 
any core competence because clients have limited options on the types of products 
and services required; a circumstance which is contradictory to that which prevails 
within a competitive and dynamic environment. Operating in a competitive and 
dynamic environment, firms are expected to continually modify their strategies, 
products and services in order to meet clients’ changing preference and cushion 
against competitors’ actions (Wang and Li, 2007). Therefore, it appears reasonable 
to integrate market turbulence and competitive turbulence into a single dimension. 
Desarbo et al. (2005) described the former as changes in customer characteristics 
(for example, preferences and product needs) and ease of forecasting marketplace 
changes, and the latter as the extent of promotion and price wars, and the ability of 
firms to match competitors’ offers. 
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The above suggests that the characteristics of the three environmental dimensions 
closely resemble the external environment of Singapore contractors discussed in 
Section 2.5. For example, the fluctuation in construction demand, and the increase in 
the intensity of competition and the demand for technically advanced building 
projects are corresponding examples of market, competitive and technological 
turbulences. Therefore, it is posited that these environmental turbulences do 
moderate the relationships between contractors’ key resource-based determinants 
and their organizational flexibility. Following Kohli and Jaworski (1990) and Wang 
and Li (2007), this study considered market and competitive turbulences as a single 
dimension that is known as ‘market conditions’. Likewise, the term ‘technological 
conditions’ was used to describe technological turbulence. In these ways, it is 
hypothesized that: 
 
H19: Market and technological conditions moderate the relationships between 
the key determinants and organizational flexibility. 
 
4.8.2 Measurement items 
Table 4.9 summarizes the measurement items for the dimensions of market and 
technological conditions (see 3rd column), and shows the items incorporated in the 
data collection instrument of this study (see 4th column). It can be seen that only 10 
out of the 20 items identified in the literature were tested in the fieldwork following the 
preliminary interviews and pilot study in the exploratory (see Section 5.3) and 
reflective phases (see Section 5.4.4), respectively. The interviews revealed that 
restructuring and redefining the 10 items were necessary for clarity, given that some 
items overlapped with one another. Also, two new items were identified in the 
interviews (see Section 5.3.3.1) and subsequently labelled as MC6 and TCn3 in the 
instrument (see Appendix C). In total, nine items were used to assess firms’ 
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environmental conditions. The dimensionality of the environmental conditions 
construct is examined in Section 7.3.2.3.  
 
Table 4.9 Measurement items for environmental conditions (Z) 
Possible 
dimensions Authors Possible measurement items 
Remark 
(Refer to Legend for 
symbol connotation) 
Desarbo et al. (2005) It is very difficult to predict any changes in this marketplace  
Δ: refer to item MC1 in 
Appendix C, Q9.1 
In our kind of business, customers’ 
product  
Demand and consumer tastes are almost 
unpredictable 
Δ: refer to item MC2 in 
Appendix C, Q9.1 
Miller (1987); Slater and 
Narver (1994);  Cadogan et 
al. (2003); Desarbo et al. 
(2005); Wang and Li (2007)
Actions of competitors are unpredictable  Δ: refer to item MC3 in Appendix C, Q9.1 
Price competition is a hallmark of our 
industry 
Desarbo et al. (2005) Sometimes our customers are very price-
sensitive, but on other occasions, price is 
relatively unimportant 
Δ: refer to item MC4 in 
Appendix C, Q9.1 
Miller (1987); Slater and 
Narver (1994);  Cadogan et 
al. (2003); Desarbo et al. 
(2005); Wang and Li (2007)
Competition is very intense Δ: refer to item MC5 in 
Appendix C, Q9.1 
Our customers tend to look for new 
products all the time # 
New customers tend to have product-
related needs that are different from 
those of our existing customers 
# 
We cater to many of the same customers 
that we used to in the past Ξ  
Desarbo et al. (2005) 
Our competitors are relatively weak # 
Cadogan et al.(2003); 
Desarbo et al. (2005)             




Miller (1987); Slater and 
Narver (1994);  Cadogan et 
al. (2003); Desarbo et al. 
(2005); Wang and Li (2007)
Our firm must change our business 
practices (offering different products and 
services) frequently to keep up with the 
market and competitors 
# 
The rapid emerging of new technology 
always has fundamental impact on 
business activities, could be either 
opportunities or threats 
The technology in our industry is 
changing rapidly 
Miller (1987); Slater and 
Narver (1994);   Cadogan 
et al.(2003);             
Desarbo et al. (2005); 
Fynes et al. (2005); Wang 
and Li (2007 The technological changes in the 
principle industry in which we operate are 
unpredictable 
Δ: refer to item TCn1 
and TCn2 in Appendix 
C, Q9.1 
Slater and Narver (1994); 
Cadogan et al.(2003); 
Desarbo et al. (2005); 
Fynes et al. (2005) 
A large number of new product ideas 
have been made possible through 
technological breakthroughs in our 
industry  
# 
Technological developments in our 
industry are rather minor # Desarbo et al. (2005) The technological changes in this industry 
are frequent # 
Technological 
conditions 
Wang and Li (2007) 
Speed and pace of the changes of 
technologies in our principle industry is 
very fast 
Ξ 
Δ - modified based on the exploratory interview and pilot study findings and tested in subsequent fieldworkLegend: 
# - omitted from subsequent fieldwork based on findings from preliminary interviews and pilot study 
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Possible 
dimensions Authors Possible measurement items 
Remark 
(Refer to Legend for 
symbol connotation) 
Ξ - not considered because the proposed item overlapped with others/ is not applicable to this study 
@ - incorporated into the questionnaire without modification, on the basis of the exploratory interview 
and pilot study findings, and tested in subsequent fieldwork 
Note: Fynes et al. (2005) adopted a five-point Likert-scale. Miller (1987), Cadogan et al. (2003) and Wang and Li 
(2007) adopted a seven-point Likert-scale.  Desarbo et al. (2005) adopted a 10-point Likert-scale.   
 
4.9 Summary 
Eighteen hypotheses (i.e., H2 to H19) were developed in this chapter to examine: (i) 
the effects of inter-relationships among the six key determinants on organizational 
flexibility, and (ii) the extent to which the environment conditions moderate the 
relationships between the key determinants and organizational flexibility. The review 
of the literature suggests that some of the key determinants may be seen as multi-
dimensional constructs, which comprise different dimensions of measurement items. 
Here, measurement items refer to items that are used to assess or measure the 
value of its respective constructs, which could be of single-dimensional or multi-
dimensional nature.   
 
The multi-dimensional constructs are: (i) organizational learning culture (X1); 
organizational structure (X2); (iii) technological capabilities (X4); (iv) business 
strategies (X6). First, the review shows the organizational learning culture (X1) 
construct comprises: (i) commitment to learning: (ii) shared value; (iii) open-
mindedness; (iv) intra-organizational knowledge sharing. Ten measurement items 
were operationalized to assess organizational learning culture.  Second, 
organizational structure (X2) is seen as a multi-dimensional construct comprising: (i) 
complexity; (ii) integration; (iii) formalization; (iv) centralization. Six measurement 
items were operationalized to assess a firm’s organization structure. This is followed 
by the technological capabilities (X4) construct, which comprises two dimensions: (i) 
information technological capabilities, and (ii) process technological capabilities. To 
evaluate technological capabilities, seven measurement items were operationalized. 
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The fourth multi-dimensional construct is business strategies (X6) that comprises: (i) 
cost leadership; (ii) risk leadership; (iii) customer intimacy; and (iv) product 
leadership. Sixteen measurement items were operationalized to assess construction 
firms’ business strategies.  
 
The literature reveals that employees’ skills and behaviour (X3) and supply chain 
capabilities (X5) may be seen as single-dimensional constructs. In this study, eight 
and seven measurement items were applied to evaluate the former and latter, 
respectively.  
 
Apart from the operationalization of key determinants, this chapter discusses the 
environmental conditions within which firms operate. Two environmental conditions 
were identified: (i) market conditions and (ii) technological conditions. These form the 
dimensions of a business environment, for which nine items were operationalized to 
evaluate the business environment of construction firms.    
 
In this study, all measurement items of individual constructs identified in the literature 
were subjected to further scrutiny, by means of the preliminary interviews and pilot 
study in the corresponding exploratory and reflective phases of this study, before 
being incorporated into the data collection instrument as detailed in the next chapter. 
The next chapter also presents the research process along with the data collection 
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CHAPTER 5  
RESEARCH DESIGN AND DATA COLLECTION METHODS 
 
5.1 Introduction 
This chapter presents the research process along with the data collection techniques, 
using a survey research design (Section 5.2). Justification for selecting a particular 
method over other methods is provided in the corresponding sections. This research 
was conducted in three phases, namely: (i) exploratory phase (Section 5.3); (ii) 
questionnaire development phase (Section 5.4); and (iii) data collection and analysis 
phase (Section 5.5), which combined both the qualitative and quantitative 
approaches. This combination capitalizes on the strengths and complements the 
weaknesses of each approach, and thus provides a synergistic research design. The 
methods of data analysis are addressed in Chapter 6. 
 
5.2 Survey research design 
In this research, a survey design was preferred over other research designs (i.e., 
archival research and historical research, experimental research, and case study 
research) for its abilities to provide a relatively quick and efficient method to (i) obtain 
information from the targeted sample (Tan, 2002b; Robson, 2002), and (ii) generalize 
the research findings based on the sample involved (Gill and Johnson, 1997). With 
reference to the research objectives stated in section 1.5, the unsuitability of the 
other research designs is outlined below: 
(i) the limited study on flexibility management in the Singapore construction 
industry reduces the appropriateness of archival and historical research 
designs which require a considerably larger number of previous works in a 
similar research domain;  
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(ii) the focus of this research is not on the manipulation of variables via an 
experimental setting in measuring the effects of variables, but rather on the 
inter-relationships among variables (i.e., the organizational resources and 
capabilities) in achieving organizational flexibility. An experimental design is 
thus considered as inappropriate in this research; and 
(iii)  the research objective of identifying the common characteristics of the 
targeted sample of organizations (approximately 90 prospective respondents) 
in their attempts to stay adaptive and flexible has made a case study design 
unfeasible here. It is uneconomical and time-consuming to investigate in 
detail such a large sample population. 
 
Nevertheless, it is recognized that the survey research design does have its major 
disadvantages of: (i) the low reliability and validity of survey data (Robson, 2002); 
and (ii) the possible biases that arise from sampling and individual responses (Tan, 
2002b). Various methods suggested by Churchill (1979) and Dillman (2007) were 
taken in various phases of this research to deal with these shortcomings. The two 
major methods adopted here include: (i) the use of multiple techniques in generating 
measurement items (see Section 5.4), and (ii) the use of retrospective reporting and 
key informant approaches in the data collection process (see Section 5.5.5). These 
two methods sought to improve the reliability and validity of the survey data. Other 
methods such as multi-item approach and improvised sampling selection process 
were also adopted (see Section 5.5.3).  
 
Within the survey research design, a three-phase research process (i.e., exploratory, 
questionnaire development, and data collection and analysis) was implemented in an 
attempt to combine both the qualitative and quantitative research approaches as 
shown in Figure 5.1. This combination capitalizes on the strengths and complements 
the weaknesses of each approach, and thus provides a synergistic research design. 
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Details of the respective phases, including the adopted data collection and sampling 
methods, are discussed next. 
 
 
Figure 5.1 The three-phase research process 
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5.3 Exploratory phase  
Corresponding to the first research objective of studying the appropriateness and 
importance of flexibility management in construction organizations, the exploratory 
phase is an important start-off phase in this research (see Phase 1 in Figure 5.1). It 
sought: (i) to uncover the major issues for the subsequent data collection and 
analysis phase; (ii) to identify the knowledge gap in previous studies concerning 
flexibility management of construction business and the key determinants of 
organizational flexibility; and (iii) to facilitate the exploration of how’ and ‘why’ 
construction firms think and feel about the importance of being flexible in a dynamic 
business environment. The goal here was to clarify the key ideas concerning 
organizational flexibility for subsequent formulation of the structured survey 
questionnaire, which comprises the following tasks:  
(i) identification of common ‘industry’ terms and language used to define 
flexibility;  
(ii) identification of key determinants of organizational flexibility;  
(iii) identification of key management practices adopted to attain organizational 
flexibility;  
(iv) identification of main characteristics of the business environment within the 
Singapore construction industry; and  
(v) contextualization and operationalization of different types of flexibility (as 
highlighted in Section 3.6) and individual determinants of organizational 
flexibility (see Sections 4.2 to  4.8).  
 
5.3.1 Face-to-face interview approach 
Face-to-face interviews were conducted to perform the above-mentioned tasks via 
subjective measurement of managerial opinion, perception or feeling. This is in line 
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with Robson’s (2002) assertion that interviews enable researchers to find out what 
people know, what they do, and what they think or feel. Burawoy (1991) took the 
view that a qualitative interviewing approach can reveal a dialectic interaction 
between interview findings and existing theories, and subsequently facilitate the 
‘reconstruction’ of a theory. More often than not, an interview approach is considered 
as the initial step leading to a subsequent quantitative phase (Jaworski and Kohli, 
1993; Robson, 2002) or the catalyst for development or refinement of a theoretical 
framework (Miles and Snow, 1978; Wang and Li, 2007).  
 
The face-to-face interviews were conducted in a semi-structured setting whereby the 
entire questioning and answering process was guided by an interview guide, 
comprising a list of pre-determined questions (see Appendix A). The semi-structured 
interview setting helped to foster a greater deal of freedom to explore various areas 
and raise particular queries regarding flexibility management of a construction 
business, a condition which is difficult to achieve in both unstructured and structured 
interviews. The former is characterized by an entirely informal setting and the area of 
interest and concern is general, while the latter comprises a list of pre-determined 
questions with fixed wordings arranged in a pre-set sequence, usually it takes the 
form of a structured questionnaire (Bernard, 2000; Robson, 2002). Other advantages 
of the face-to-face semi-structured interview approach include: 
(i) it is more flexible and practical to probe into the underlying motives of a 
particular phenomenon;  
(ii) it allows direct contacts with interviewees and thereby enables direct 
observation of interviewees’ behaviour and attitude towards certain issues;  
(iii) it allows instant clarification of ambiguities and thus enhances the reliability of 
information obtained; and 
(iv) it enables rapport-building with interviewees.  
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Also, it should be noted that various steps were implemented during the face-to-face 
semi-structured interviews to deal the major shortcoming associated with this 
interviewing technique. That is, the interviewers’ bias since this interviewing 
technique is largely dependent on the quality and skill of the interviewers (Robson, 
2002; Yin, 2003). These steps include (Robson, 2002):  
(i) During open discussions, interviewees were encouraged to talk freely and 
openly without interruption. This aims to unearth much information about the 
specific issues concerning flexibility management from the interviewees’ 
opinions and perceptions; 
(ii) Interview guide questions were formulated in a straightforward and non-
aggressive manner. This minimizes the possibilities that interviewees became 
confused and defensive, and allowed meaningful data to be obtained from the 
interviews; and  
(iii) Interview guide questions were formulated in a neutral manner. This 
eliminates cues that might lead interviewees to respond in a particular way, 
and thus improves the reliability and validity of interview findings.  
 
5.3.2 Development of the interview guide questions 
In developing the interview guide questions, references were made to the studies by 
Das and Patel (2002) and Slack (1987) that focused on manufacturing firms. These 
studies were considered as the closest studies, having a similar research nature, to 
this research; especially since a comprehensive multi-dimensional flexibility-related 
study has yet to be presented in the construction management literature. Necessary 
rewordings and amendments were made to contextualize the relevant questions into 
the context of the construction industry. In addition, a list of definitions of various 
types of flexibility was presented to the interviewees (see Appendix B) and they were 
asked to comment on these definitions. This was done to obtain a consensus on the 
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definitions that were used in the development of the structured survey questionnaire 
in the subsequent reflective phase. 
 
A total of nine face-to-face semi-structured interviews were conducted with 
executives of Singapore construction firms in this exploratory phase. These 
interviewees were chosen based on the judgemental and snowball sampling 
methods. These two non-probability sampling approaches were considered as 
acceptable in this exploratory phase, given the high cost and time commitment 
involved in a probability sampling method in a quest for getting responses to the 
interview guide questions listed in Appendix A. Other reasons for selecting the 
judgemental and snowball methods in this study are provided as below (Holt, 1998; 
Tan, 2002b; Schutt, 2005). 
(i) Both methods are easy to use and are able to obtain quick feedback from 
interviewees; 
(ii) The judgemental method appears as the most appropriate way for the 
exploratory interviewing process, involving industry practitioners who are the 
key personnel of construction firms having the capacity to answer the 
interview guide questions.  This appears as the pre-requisite for the 
subsequent industry-wide survey, which assumed the form of a ‘key 
informant’ survey. Reasons for using the key informant approach are 
discussed in Section 5.5.5; and  
(iii) The snowball sampling method is useful for ‘hard-to-reach’ or ‘hard-to-identify’ 
key personnel of construction firms. This improves the response rate by 
asking interviewees to provide referrals for additional respondents.  
 
In tandem with the above, Rubin and Rubin’s (1995) guidelines on the application of 
the judgemental sampling method were adopted as follows.  
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(i) The interviewees were selected and invited on the basis that they are: (a) 
knowledgeable about or experienced in the situation being studied; (b) 
friendly and willing to talk; and (c) representative of the points of view.  
(ii) The entire process of selecting and interviewing participants was governed by 
the following tests in determining the sufficiency of the study: 
a. The test for completeness is considered as satisfied only if the 
researcher grasps an overall sense of the concept of flexibility and 
flexibility-related issues in construction. 
b. The test of saturation is considered as satisfied only if the researcher 
gains confidence that little or no additional findings will be discovered 
from subsequent interviews.   
 
In this study, all interviewees are from senior management levels including managing 
directors, directors, general managers, and senior managers who are key decision 
makers in their organizations. From the discussion, it is noted that they have 
extensive working experience in the Singapore construction industry, ranging from 17 
years (min.) to 33 years (max.). An average working experience of 23.1 years was 
obtained, indicating that most interviewees have at least 20 years of working 
experience in the Singapore construction industry. Their views are thus deemed to 
be noteworthy and reliable. The interviews took an average of 90 minutes each. Each 
interview was recorded and transcribed, unless the interviewees requested 
otherwise.  
 
5.3.3 Preliminary interview findings 
The findings of the semi-structured interviews in the exploratory phase (see Figure 
5.1) are summarized into three headings, namely: (i) business environment in the 
Singapore construction industry; (ii) industry practitioners’ perspectives on 
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organizational flexibility; and (iii) types of flexibility. These findings were used to 
inform the design of the data collection instrument (structured questionnaire) in the 
subsequent questionnaire development phase. Details of the interview findings are 
now summarized.  
 
5.3.3.1 Business environment in the Singapore construction industry 
Various challenges, fuelled by the dynamic business environment in the Singapore 
construction industry, were noted during the discussion. One of them, perhaps the 
most influential challenge, is the ever increasing rate of competition in the Singapore 
construction industry. This phenomenon can partly be explained in relation to the 
cyclical fluctuation of the limited domestic construction demand together with the 
continuous influx of foreign contractors.  
 
Coupled with the competition intensity, the next challenge faced by interviewees is 
the gradual increase in the prices of materials. All interviewees admitted that it is 
increasingly difficult to hedge against any cost escalation in the prices of materials 
since 2003. Many of them explained that the increasing prices of raw materials have 
seriously affected and diluted their projected profit margins, and even in some 
instances, they ended up with losses in some projected ‘profitable’ projects. Many 
interviewees added that the fluctuation in the prices of materials aggravates the 
degree of uncertainty in the construction industry, and in turn, makes it difficult for 
them to predict and estimate the ‘acceptable and safe’ bid price for individual 
projects. This is in agreement with Shankari (2008), who reported that Singapore 
contractors are becoming more reluctant to tender for new projects owing to the 
soaring prices of materials, especially the prices of concrete and steel bars. Apart 
from these, other challenges identified include: (i) the severe price competition 
among contractors; (ii) the increasing clients’ expectation on contractors’ 
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performance and services; and (iii) the increasing demand for advanced 
technological buildings.  
 
In order to deal with the identified challenges, the interviewees adopted various 
practices. These include: (i) greater emphasis on procurement management; (ii) 
greater emphasis on site management in an attempt to reduce unnecessary material 
wastage; (iii) greater emphasis on cost control and management; (iv) greater 
emphasis on risk management; (v) increased focus on the development of 
employees’ skills to deal with the rising client expectation; and (vi) greater emphasis 
to maintain a balanced business portfolio by investing in financial investment and 
property development.  
 
5.3.3.2 Industry practitioners’ perspectives on organizational flexibility 
All interviewees noted that it is vital for contractors to develop and maintain flexibility 
in order to survive and prosper in a dynamic environment. The interviewees’ 
definition of flexibility can be classified into these four: (i) ability to respond to 
changes immediately; (ii) ability to reallocate resources and capabilities in response 
to client needs; (iii) ability to mitigate risks and respond to changes; (iv) ability to 
learn from the business environment, to react and adapt, and to anticipate and adopt 
appropriate strategies to different situations.   
 
Despite having different perspectives on what flexibility is, all the interviewees shared 
the view that the need for flexibility must complement the company’s policies and 
principles. They pointed out that a firm cannot simply change without any principle or 
control because any misalignment between changes and business objectives could 
be detrimental to the firm’s operation. In the case of misalignment, a firm may lose its 
core competence and organizational speciality, and its employees may become 
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confused and disgruntled, and eventually their resistance to changes increases. 
Some interviewees went on to point out that the critical success factors towards 
changes are ‘flexibility in thinking’, ‘flexibility in commitment’ and ‘flexibility within 
unity’. This means that firms should not be inflexible and unwilling to change their 
guidelines and principles, and in the process of change, they should be pragmatic 
and open to all options, and more importantly, gain their employees’ commitment.     
 
In order to achieve organizational flexibility, all the interviewees shared the view that 
(i) organizational learning culture; (ii) human resources capabilities; (iii) 
organizational structure; (iv) business strategies; (v) supply chain capabilities; and 
(vi) technological capabilities are the key determinants of organizational flexibility, 
and that they are interrelated. Of these, some can be considered as subsets of the 
other key determinants. Some interviewees added that it would be interesting to note 
the relationships among these determinants, observing how contractors develop and 
maintain their resources and capabilities towards achieving organizational flexibility.  
 
5.3.3.3 Types of flexibility  
The interviewees recognized that, in general, most of the identified flexibility types 
(shown in Appendix B) are applicable to the Singapore construction industry. Of the 
15 flexibility types, program flexibility was particularly highlighted by all interviewees 
in that it is less applicable in the context of the Singapore construction industry. They 
explained that contractors are less likely to adopt advanced construction 
technologies unless they are requested to do so or it is specified in the contract. The 
example of the Singapore Housing Department Board (HDB) Hub project that 
involved construction of commercial office blocks and public transport interchange in 
2003 was cited by some interviewees. In this particular project, the appointed 
contractor was required to adopt a proprietary construction system in constructing a 
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building with a high amount of mechanized precast and prefabricated structural 
elements. Since then, this system has not been used in other projects in Singapore 
due to its high cost.  
 
Also, some interviewees proposed that labour flexibility could be classified into two 
flexibility types. One involves the ability to change the number of employees within a 
firm’s operation, while the other relates to the ability of the firm’s employees to handle 
multiple responsibilities. This is consistent with Atkinson’s (1984) ‘core-periphery’ 
model which operationalized labour practices into: (i) numerical flexibility, and (ii) 
functional flexibility.  
 
Generally, all the interviewees suggested that the program flexibility could be 
eliminated from the list. Suggestions were also given on the definitions of various 
flexibility types.  
 
5.4 Questionnaire development phase  
The main purpose of this phase (see phase 2 in Figure 5.1) was to understand and 
accommodate, if necessary, the implications of the interview findings obtained from 
the exploratory phase for subsequent data collection process. These involved: (i) 
designing the structured questionnaire for the industry wide survey, and then (ii) pilot-
testing the structured questionnaire in terms of its clarity and ability to test the 
proposed theoretical framework quantitatively.  
  
According to Robson (2002) and Dillman (2007), one of the key criteria in developing 
a questionnaire is to standardize questions so that every prospective respondent will 
interpret them in the same way, be able to respond to and be willing to answer to 
every question accurately. Therefore, the emphasis here was on the content validity 
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and the reliability of constructs and measurement items included in the structured 
questionnaire. Besides borrowing validated measurement items from previous 
studies of similar research nature, the questionnaire development process involved 
standardizing the meanings and perceptions on various flexibility types, constructs 
and measurement items (i.e., determinants for organizational flexibility) as revealed 
in the exploratory phase. 
 
To develop a measurement instrument, an eight-step procedure is recommended by 
Churchill (1979): (a) to specify domain of constructs; (b) to generate samples of 
items; (c) to collect data; (d) to purify measures; (e) to re-collect data; (f) to assess 
reliability; (g) to assess validity; and (h) to develop norms. He however pointed out 
that it would be time-consuming to execute all the steps in practice, and suggested 
that researchers should at least execute steps (a) to (d) to ensure the reliability of 
their survey instruments.  
 
Following Churchill’s (1979) suggestion, only steps (a) to (d) were implemented in the 
questionnaire development process of this study. This option is more feasible after 
considering the attitude of Singapore construction practitioners on non-rewarding 
academic research. As noted by Tan (1995), a low response rate is typical of most 
studies involving construction practitioners in Singapore. Therefore, it is expected – 
indeed very unlikely – that the small pool of industry practitioners, who are willing to 
participate in non-rewarding academic research, are available for two rounds of 
discussion for data collection purposes. In this case, a pilot study was conducted as 
a measure to purify the structured questionnaire in an attempt to enhance its content 
validity and reliability before embarking on the industry wide survey. 
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5.4.1 Specify domain of constructs   
The domain of constructs used in this study (for example, the definitions of various 
flexibility types and key constituents for organizational flexibility) is described in 
Chapter 4. The adopted definition of each construct dictates the operationalization of 
its measurement items, i.e., the use of either single- or multiple-item measures 
(Churchill, 1979; Bergkvist and Rossiter, 2007). It is found that the use of multiple 
items to measure the ‘attributes’ of a construct is popular not only among many 
marketing researchers (Theoharakis and Hooley, 2003; Dreyer and Gronhaug, 
2004), but also in construction research using the structural equation modelling  
(SEM) technique (Leung et al., 2005; Jin et al., 2007).  
 
According to Churchill (1979) and Peter (1979), the use of a multiple-item approach 
could diminish the inherent inadequacy of single-item measures in the following 
ways:    
(i) Single-item measures often comprise a considerable uniqueness in that each 
item tends to have a lower correlation with the attribute being measured, and 
sometimes relates to other attributes. Therefore, combining relevant items 
can equalize the uniqueness of each item;  
(ii) Single-item measures tend to classify respondents into a relatively small 
number of groups. By combining relevant items, a finer distinction among 
respondents can be made;  
(iii) Single-item measures typically comprise considerable measurement error in 
the form of unreliable response whereby the same scale rating is unlikely to 
be detected in successive administration of an instrument. Through 
increasing the number of items in a combination, reliability tends to increase 
and thus reduces the measurement error; and 
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(iv) Single-item measures are often insufficient to capture the domain of an 
abstract construct adequately. The use of the multiple-item measures allows 
a more accurate prediction of the construct.   
 
Based on the above comparison, a multiple-item approach was adopted in the 
development of the structured questionnaire. In this case, each of the identified 
constructs was measured by multiple items in an attempt to: (i) capture the domain of 
constructs adequately and accurately; (ii) reduce measurement error; and (iii) 
increase the reliability and validity of the measurement instrument. Following Schmitt 
and Stults (1985), all measurement items were developed in the way that they are 
concise and precise to overcome the major problem of non-responses bias due to 
the lengthy questionnaire involved.  
 
However, it is noted that the inclusion of insufficient measurement items may reduce 
the reliability and validity of a measurement instrument (Churchill, 1979; Peter, 1979). 
Corresponding to this, some studies (Theoharakis and Hooley, 2003; Wang and Li, 
2007) attested that a measure comprising three items is reasonably reliable. In this 
case, the guideline of at least three measurement items for each construct identified 
was adopted to govern the sample generation of measurement items.  
 
5.4.2 Generation of sample of measurement items 
The measurement items of constructs can be generated using various techniques 
including literature searches, experience surveys, critical incidents, focus groups and 
in-depth interviews (Churchill, 1979). Appropriate combination of these techniques, 
using two or more methods collectively, can often generate measurement items with 




In this study, measurement items for individual identified constructs were generated 
via the review of literature (see Chapters 2 and 4) and in-depth interviews (see 
Section 5.3.3). First, validated measurement items measuring similar constructs were 
obtained from previous studies (see Chapter 4 for the lists of items in the literature). 
Next, these lists of items were subjected to a round of validation and streamlining 
process via the preliminary interviews conducted in the exploratory phase (see 
Section 5.3). To further enhance the content validity of the measurement instrument, 
an experienced academic and two industry practitioners were involved in assessing 
the structured questionnaire, particularly on issues involving the contents and 
wording of individual measurement items, prior to the pilot study (the ‘pre-testing’ 
activity shown in Figure 5.1).   
 
5.4.3 Questionnaire design 
In the questionnaire design, all questions were standardized in a way that they were 
presented exactly with the same wordings and order to all respondents. This was 
done to ensure that the datasets obtained are comparable for data analysis 
purposes. In this case, responses to most of the questions are fixed in a semantic 
differential scale administrated on a Likert design, unless otherwise stated.    
 
Overall, the formulated questions can be broadly classified into the two main 
categories as shown below. 
(i) Non time-phased questions - these refer to questions concerning 
organizational routines and behaviour, which are of a less fluctuating nature. 
Interviewees were requested to rate individual questions on a seven-point 
Likert scale, which are fixed in one of the following formats: (i) 1 = seldom - 7 
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= often; or (ii) 1= low – 7 = high; or (iii) 1 = strongly disagree – 7 = strongly 
agree.  
(ii) Time-phased questions – these refer to questions concerning organizational 
business strategies and business environments, which are of a more dynamic 
nature. Interviewees were requested to rate individual questions on a four-
point Likert scale in relation to the stated periods (i.e., year 1997-2000, 2001-
2005 and 2006-2007). Two formats were used here, namely, ‘rarely practised 
– often practised’ and ‘minimal impact – high impact’. For the data analysis 
purposes, the four-point Likert scale was first converted into a seven-point 
Likert scale (for example, the corresponding scale for ‘rarely practised - 
sometimes practised - averagely practised - often practised’ is 1 – 3 – 5 –7), 
and the mean score of the three stated periods were calculated for the time-
phased questions. 
 
A semantic differential scale of a Likert design is preferred over other itemized rating 
scales (for example, Thurstone scale and constant-sum scale) because: (i) it is the 
easiest scale to construct and administer (Zikmund and Babin, 2007), and (ii) it is 
easy-to-understand and thus facilitates the respondents’ answering process 
(Bernard, 2000). Coupled with this, a seven-point, instead of a five or nine-point, 
Likert scale design was adopted in this study, following previous studies. As 
highlighted in Chapter 4, most validated measurement items in the literature, 
measuring similar constructs, were administered in the seven-point Likert scale 
design. According to Dawes (2007), a seven-point scale has a higher scale reliability 
and validity than those with fewer scale points, while more finely graded scales (for 
example, 9-point and 10-point scales) do not improve reliability and validity further.  
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5.4.4 Pilot study  
Before embarking on the data collection and after the pre-testing, a pilot study was 
conducted to verify the structured questionnaire (see Figure 5.1). It involved a field 
test of the structured questionnaire involving face-to-face interviews with industry 
practitioners, which enabled instant feedback concerning the clarity and flow of the 
questionnaire. 
 
In the pilot study, 12 face-to-face interviews were conducted with senior managers of 
local construction firms. Similarly, this group of interviewees was chosen based on 
judgemental and snowball sampling methods as discussed in Section 5.3.2. In this 
case, some of these interviewees had participated in the preliminary interviews. This 
process helped to ensure that the interviewees’ suggestions obtained in the 
preliminary interviews were correctly interpreted and incorporated into the structured 
questionnaire.  
 
It is noted that all interviewees have extensive working experience in the Singapore 
construction industry, ranging from 18 years (min.) to 26 years (max.). An average 
working experience of 21.3 years was obtained. In this process, interviewees were 
requested to give feedback on several issues, including: (i) the clarity of instructions, 
questions and measurable items, and (ii) the relevance of all measurement items to 
their organization.  
 
In general, all the interviewees expressed that the questionnaire was comprehensive. 
Some interviewees commented that the questionnaire was relatively lengthy, and 
required at least 25 minutes to complete all the questions. They suggested that some 
overlapping items could be deleted, while some unclear statements and questions 
should be reworded into plain and ‘industry’ language. In response to the comments 
  214 
given, necessary rewordings and amendments were made before the industry-wide 
survey.  
 
5.4.5 Organization of the questionnaire   
The structured questionnaire comprises 11 parts (see Appendix C). In the first part, 
interviewees were required to provide general information about their firm (for 
example, year of establishment and types of ownership). The questionnaire ends 
with an optional section to determine demographic characteristics of the interviewees 
and their companies.  
 
Apart from the opening and closing parts, different parts of the questionnaire were 
designated to measure the constructs specified and identify their corresponding 
management practices adopted. These parts are now discussed.  
 
5.4.5.1 Part 2: Human resource  
This part comprises five questions, which are related to a construction firm’s human 
resources. The first question required interviewees to estimate the number of times in 
which each of the five identified training programmes has been offered to their firms’ 
employees on an annual basis. Subsequently, they were requested to rate the extent 
to which the human resource management practices (see Section 4.4.3) have been 
adopted by them in nurturing their employees’ skills and behaviour. Generally, these 
practices could be classified into: (i) competence development; (ii) stress 
management; (iii) performance management; and (iv) relationship management. In 
this study, it appears justifiable to integrate both the intra-organizational (see Section 
4.4.3) and inter-organizational (see Section 4.6.2) relationship management practices 
into one category because of their similar nature.  
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Interviewees were also requested to rate and rank their employees’ skills and 
behaviour according to the eight suggested items (see Section 4.4.4 and Appendix 
C, Q2.6). The purpose is to establish the consistency of information obtained. 
Subsequently, they were asked to indicate: (i) their firms’ size, in terms of the number 
of employees (see Section 4.4 for the definition of employees adopted in this study), 
and (ii) the extent to which these employees are employed based on a contract 
basis.  
 
5.4.5.2 Part 3: Organizational culture 
This part comprises four questions relating to a firm’s organizational learning culture. 
Interviewees were requested to rate the 10 statements (i.e., the measurement items 
of organizational learning culture), which best describe their firm’s culture. In addition, 
they were asked to indicate, on a nominal scale, the statements that best describe 
their firm’s planning approach and leadership style. A copy of their firm’s mission and 
vision statement was requested so as to establish the consistency of information 
given.  
 
5.4.5.3 Part 4: Organizational structure 
This part comprises four questions concerning a firm’s organizational structure. The 
first and second questions required interviewees to indicate the hierarchical level in 
their organizational structure and the number of changes made in their structure over 
the study period. Here, the hierarchical level refers to the line of authority of the 
interviewees’ firms stemming from a line manager. 
 
In addition, interviewees were requested to indicate the types of structural 
configuration (see Section 4.3.3), which have been commonly implemented by their 
firms over the study period. Subsequently, they were asked to rate the 4 pairs of 
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statements, which best describe their organizations’ decision making and 
communication procedures. Each pair of statements was designed in the way that 
interviewees had to rate their firms’ decision making and communication procedures 
based on two extreme scenarios (following Khandwalla, 1977). This may help to 
improve the accuracy of information obtained.  
 
5.4.5.4 Part 5: Organizational supply chain   
This part comprises two questions, whereby interviewees were first requested to rate 
the seven items concerning their firms’ supply chain capabilities and then, indicating 
the responsiveness of their subcontractors and suppliers, in terms of working days, in 
response to five scenarios given (see Appendix C, Q5.2). This provides a deeper 
insight and objective measurement of the firms’ supply chain responsiveness.   
 
5.4.5.5 Part 6: Business practices 
This part comprises three questions, whereby interviewees were first requested to 
rate the extent to which the 16 business strategies have been adopted by their firms 
in response to changes within the industry over the study period. Subsequently, they 
were requested to indicate the average percentage of their work being subcontracted 
out and the number of countries where their firms have operated in during the study 
period.  
 
5.4.5.6 Part 7: Information technology 
This section comprises eight questions, where the first few questions required 
interviewees to indicate the average percentage of: (i) their firms’ investment in their 
information technology development; (ii) their firms’ employees who possess basic 
information technology knowledge; (iii) their firms’ electronically stored documents; 
and (iv) their firms’ employees who have direct access to the electronically stored 
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documents. Subsequently, they were requested to rate the four measurement items 
concerning their information technology capabilities. All these help to explain a 
contractor’s information technology capabilities in relation to its technological 
development endeavours.   
 
5.4.5.7 Part 8: Process technology  
This part comprises seven questions, whereby interviewees were requested to 
indicate: (i) the average percentage of their firms’ investment in their process 
technology development, and the average percentage of their firms’ employees who 
possess basic and advanced process technology knowledge. Subsequently, they 
were requested to rate the three items concerning their process technology 
capabilities. All these help to explain a contractor’s process technology capabilities in 
relation to its technological development endeavours.   
 
5.4.5.8 Part 9: Environmental condition 
This part of the questionnaire required interviewees to rate the extent to which the 
nine aspects of the environmental condition have influenced their business operation 
and performance during the study period.  
 
5.4.5.9 Part 10: Organizational flexibility 
In this part of the questionnaire, interviewees were requested to rate their flexibility 
potential, corresponding to the 15 flexibility types (see Section 3.6.2), in response to 
the environmental conditions shown in Part 9.  
 
5.5 Data collection and analysis phase  
The third phase of this study was undertaken via a quantitative approach, focusing 
on an industry-wide survey (see Phase 3 in Figure 5.1). The objective here is to 
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capture the relationships of largely unobserved constructs such as organizations’ 
resources and capabilities, organizational flexibility and business environment. 
Through the application of appropriate statistical analytical tools, the results obtained 
enabled the testing of hypotheses in the study (see Chapter 4). Details of the data 
collection process are discussed next.  
 
5.5.1 Data collection process 
The data collection process was commenced in early October 2007. An invitation 
letter (see Appendix D for an example of the invitation letter) that explains the 
purpose of the survey (see Section 5.5) and the questionnaire were sent to all 91 
construction firms (see Section 5.5.4) in requesting face-to-face interviews (see 
Section 5.5.2) with their key informants (see Section 5.5.5) to complete the 
questionnaire. For that reason, all invitation packages were directly addressed to the 
managing director of individual firms. They were requested to signify their 
acceptance, within two weeks after the receipt of the invitation package, through one 
of the following modes: (i) facsimile transmission; (ii) mail using the enclosed self-
addressed and pre-paid postage envelope; (iii) telephone call; and (iv) email. Second 
reminder invitation packages were then sent to the firms after two weeks from the 
initial mailing exercise. By the end of October 2007, only 5% of the targeted firms had 
accepted the interview request.   
 
In an effort to improve the response rate, follow-up telephone calls were made to the 
remaining firms, soliciting a conversation with their managing directors or general 
managers, for the following purposes:  
(i) explaining the purpose of the survey interview and their important roles 
towards the successful completion of this study;  
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(ii) assuring them that all information provided will be treated in strictest 
confidentiality and that their names and organization’s details will be kept 
anonymous (see Section 5.5.5) ; and 
(iii) assuring them that a complimentary copy of the results, showing the 
calculated flexibility potential of their firm, will be provided to them upon the 
completion of this study.  
 
In instances where directors and senior managers of respective firms were not 
available during the telephone calls, efforts were made to get hold of their names and 
email contacts. Emails were sent to them, emphasizing the three aforementioned 
purposes, and follow-up telephone calls were made to seek for their consent to 
participate in this study. Eventually, a total of 41 firms agreed to participate in this 
study, representing a response rate of 45% (see Section 7.2 for the profiles of 
interviewees).  
 
5.5.2 Face-to-face interview approach 
Besides the advantages stated in Section 5.3.1, the face-to-face interview approach 
was selected here as the main data collection method (see Phase 3 in Figure 5.1) 
because: 
(i) it is an effective approach in collecting data, compared to the self-
administered postal questionnaire and telephone interview methods, when a 
questionnaire is lengthy and complicated (Robson, 2002). In this study, the 
questionnaire comprises 9 pages of questions that were relatively complex 
(see Section 5.4.5); and  
(ii) it may achieve a higher response rate than both the self-administered postal 
questionnaire and telephone interview methods. (Robson, 2002). This is one 
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of the key considerations in this study due to the anticipated low response 
rate (see Sections 3.7 and 5.4).   
 
Apart from the steps discussed in Section 5.3.1, the following procedures were 
implemented to overcome shortcomings of the face-to-face interviews: 
(i) Each interview was tape recorded and transcribed, unless interviewees 
requested otherwise. This minimizes information loss and recall bias (Robson, 
2002). 
(ii) Each interview was conducted such a way that interviewees were requested 
to provide their response to questions following the interviewer’s introduction 
of the individual parts of the questionnaire (see Section 5.4.5). This ensures 
that interviewees understood the questions before assessing them. In order to 
establish the accuracy of information obtained, interviewees were further 
requested to justify their responses to most questions.  
 
5.5.3 Stratified sampling method  
Having discussed the data collection instrument and method, the next issue to 
consider is the sampling method for this study. Among the two main sampling 
designs, i.e., non-probability and probability sampling, a probability sampling design 
was adopted in order to help in the generalization of the research findings through 
the use of appropriate statistical methods (Hair et al., 2003). This is a condition which 
is difficult to be fulfilled with the use of a non-probability sample design.  
 
In this study, a probability sampling design based on the stratified sampling method 
was chosen whereby the interviewees were randomly selected from a strata of the 
population. The population comprised general contracting firms in the Singapore 
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construction industry. This sampling method facilitates the stratification of the 
Singapore general contracting firms into their respective groups.   
 
5.5.4 Sampling frame and selection process  
The targeted groups of large and medium-sized general building contractors (i.e., 
Groups A1, A2 and B1) were selected from the BCA’s 2007 Contractor Registry (as 
of 13th June 2007). These three groups of contractors are categorized in accordance 
to their financial grades where: A1 contractors have an unlimited tendering limit with 
a minimum paid up capital of $15 million (M); A2 contractors have a tendering limit 
capping at $65M with a minimum paid up capital of $6.5M; and B1 contractors have a 
tendering limit capping at $30M with a minimum paid up capital of $3M.  
 
Through the pilot study and archival searches, other groupings (i.e., B2, C1 and C2) 
were found to be unsuitable for this study because: (i) they are made up of small 
firms that tend to work as subcontractors to large contractors and have small contract 
award values, and (ii) they tend to bid for small repair and maintenance works only. It 
could be expected that this group of contractors may not exhibit various flexibility 
management practices in a comprehensive scale. Likewise, it was found that some of 
these small firms are subsidiaries of large construction firms, which reside in the 
targeted sample. Therefore, these groups of small-sized contractors were excluded 
from this study.  
 
In an attempt to enhance the validity of this study, the sampling frame was subjected 
to a filtering process. This involved a comparison of the list of contractors registered 
in the BCA’s Contractors Registry between 1997 and 2007. In 1997, BCA was known 
as the Construction Industry Development Board (CIDB), where all registered 
contractors were classified into eight categories according to their financial grades, 
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from G1 for the smallest to G8 for the largest category. In this study, the focus was 
on the top three categories in the CIDB’s 1997 Contractor Registry: (i) G8 contractors 
(unlimited tendering limit); (ii) G7 (tendering limit capping at $50M); and (iii) G6 
(tendering limit capping at $30M). It appears reasonable to compare these two lists of 
registered contractors since they share a similar range of tendering limits.   
 
The 1997’s and 2007’s contractors registries contain 198 and 107 contractors in the 
retained categorizes, respectively. Of these, a total of 91 contractors who appeared 
in both lists were selected for this study. It is argued that these firms have ingrained a 
considerable degree of flexibility capacity in response to changes within the industry, 
exemplified by their capability to tide over the unprecedented 1997 – 2005 economic 
downturn following the Asian financial crisis in 1997 (see Section 1.3).   
 
5.5.5 Key informant retrospective reporting approach  
Before embarking on the data collection procedure, it is necessary to justify the use 
of the key informant retrospective reporting approach in an attempt to obtain both 
objective (for example, turnover figures) and subjective (for example, perception on 
strategic flexibility and environmental turbulence) data needed in this study. Key 
informant retrospective reports can often provide information (for example, account of 
facts, beliefs, activities and motives related to prior events) which is not available 
from other sources (Huber and Power, 1985; Golden, 1992). 
 
According to Venkatraman and Ramanujam (1986), data from key informants exhibit 
less method variance than archival data. This is supported by many other strategic 
management studies (Miller, 1988; Zahra, 1996) that have provided substantial 
evidence of the high reliability and validity of self-reported measures by key 
informants of individual firms. Owing to its ability to acquire valuable data of both 
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objective and subjective nature, the key informant retrospective reporting approach 
has gained its popularity not only in organizational studies (Bourgeois and 
Eisenhardt, 1988; Sinkula et al., 1997), but also in construction management studies 
(Kale and Arditi, 2001).  
 
In this case, this selected approach facilitates the collection of subjective data with 
respect to different aspect of organizational flexibility and its key determinants. The 
use of subjective data was considered necessary here primarily because it is difficult: 
(i) to capture the essence of the values of the organizational flexibility and its key 
resource-based constructs, and (ii) to imitate idiosyncratic qualities from available 
sources (for example, the diversity of owners’ compensation policies may make the 
financial report difficult to interpret). In particular, the key informants’ perceptual 
measures of environmental turbulence are preferred in this study, as these measures 
are more relevant in examining a firm’s choice of business strategies or strategic 
issues in response to changes within the business environment of the construction 
industry. As highlighted by Bourgeois (1980) and Keats and Hitt (1988), perceptual 
measures are thought to have the strongest association with strategic variables 
because managers’ view of their firms’ business environment shape their strategic 
choices. This is in line with the dynamic contingency view of organizations (see 
Section 3.9.1).   
 
Given the exploratory nature of this study, the key informants would need to be the 
key personnel of the targeted firms who are knowledgeable about the issues being 
studied and have been working with their firm for many years (Seidler, 1974; Phillips, 
1981). The goal here is to ensure and improve the reliability and validity of their 
retrospective reporting on past events. Accordingly, this group of key informants will 
be able to reply to the time-phased questions concerning their organization’s past 
behaviour and performance, especially for the periods 1997 to 2007. The underlying 
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assumption for the key informant approach is that by virtue of his/her position in a 
firm’s hierarchy, he/she is able to give perceptions that are valid reflections of the 
perceptions of the other key decision makers in the firms (Phillips, 1981). 
 
However, the use of the key informant retrospective reporting approach is not without 
problems of informant bias and random human reporting error (Huber and Power, 
1985; Golden, 1992). To minimize these problems, various measures recommended 
by Golden (1992) and Miller et al. (1997) were adopted in this study. These include:  
(i) designing a structured questionnaire that comprises straightforward questions 
concerning factual data rather than past opinions. In this study, various 
measures were adopted to reduce the ambiguity of measurement items 
throughout the exploratory and questionnaire development phases;  
(ii) providing a detailed explanation of the nature and significance of the study to 
interviewees by the means of a cover (i.e., invitation) letter (see Appendix D).  
A detailed cover letter that explains the purpose of survey is critical to the 
success of a questionnaire approach (Tan, 2002b; Dillman, 2007). In this 
case, interviewees were assured that all information provided would be 
treated in strictest confidence; and that their names and organization details 
would be kept anonymous. The inclusion of this statement in the cover letter 
was aimed to seek for better response rate and encourage interviewees to 
provide accurate information; and 
(iii) attaching an instructional page to the questionnaire to remind interviewees to 
answer individual questions based on their factual situations rather than the 
strategic intent of their organization (see Appendix C).  
 
In this study, it appears reasonable to use a single key informant as the primary 
source of information; especially where the key informant is the managing director or 
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senior manager of each construction firm (following Kale and Arditi, 2001). It is 
believed that these individuals are likely to possess the competence to assess their 
organizational resources and capabilities and flexibility potential, and more 
importantly, they have access to all information, which is necessary to complete the 
questionnaire.   
  
5.6 Validation process for statistical results 
After the statistical analysis was completed and models specified, a validation 
exercise was conducted (see Figure 5.1).  The face-to-face interview was selected as 
the main validation method to examine the practicality and comprehensiveness of 
both PLS M1 and M2 (see Section 9.4). Besides the reasons highlighted in Sections 
5.3.1 and 5.5.2, this approach was chosen because it is the most effective method to 
collect information, from subject matter experts, involving the application of proposed 
models (Robson, 2002). In this study, PLS M1 and M2 are models developed to 
illustrate the complex relationships between determinants themselves, and between 
individual determinants and organizational flexibility. Considering the complexity of 
questions involved in the validation process (see Appendix E), the interview 
approach which allowed instant clarification of ambiguities was the most appropriate 
for this study.  
 
For the validation exercise, subject matter experts were selected from the remaining 
50 firms (given that 41 out of the 91 targeted contractors had participated in the 
models development) that did not participate in the questionnaire survey stage (see 
Sections 5.5.1 and 7.2). Emails were first sent to these firms and then follow-up calls 
were made to seek their consent for a face-to-face interview (see Section 9.3.1 for 
further detail).   
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5.7 Summary 
This chapter described the activities in the three-phase survey research design (i.e., 
exploratory, questionnaire development, and data collection and analysis phases) of 
this research. In the exploratory phase, nine face-to-face semi-structured interviews 
were conducted with key informants of Singapore construction firms with the main 
goal to studying the appropriateness and importance of flexibility management in 
construction organizations. The subsequent questionnaire development phase 
involved the design and pilot-testing of the structured questionnaire prior to the 
industry wide survey. Lastly, the focus of data collection and analysis phase was on 
the industry-wide survey via face-to-face interviews. A total of 91 contractors were 
targeted for this study after a filtering process. A key informant retrospective reporting 
approach was adopted in an attempt to obtain both objective and subjective data 
needed in this study. In this case, the interviewees would need to be the key 
personnel of the targeted firms who are knowledgeable about the issues being 
studied and have been working with their firm for many years. These interviewees’ 
profiles would enable them to reply the time-phased questions concerning their 
organizational past behaviour and performance, especially for the periods 1997 to 
2007.  
 







CHAPTER 6  
METHODS OF ANALYSIS 
 
6.1 Introduction 
This chapter is devoted to the analytical methods used for analysing the survey data. 
It first presents the background of the chosen statistical modelling technique- 
structural equation modelling (Section 6.2), and its types along with the chosen type 
in this study (Section 6.3). This is followed by the details of the modelling process 
(Section 6.4). The last section presents the moderator analysis approach used to 
examine the moderating effects of environmental turbulence in the developed models 
(Section 6.5). Justification for selecting the relevant analytical approaches in different 
stages of the structural equation modelling approach is highlighted in the 
corresponding sections.   
 
6.2 Review of statistical modelling techniques and structural equation 
modelling  
There are a number of different statistical techniques that can be used to analyze the 
relationships among variables, both dependent and independent. The relationships 
can be classified into two categories, namely, (i) dependence and (ii) 
interdependence (Sharma, 1996).  
 
6.2.1 First generation analysis techniques  
The dependence statistical method refers to the cause-and-effect relationship in 
which the presence or absence of a relationship is assessed based on the extent to 
which a set of independent variables affects a set of dependent variables individually 
and/or jointly (Sharma, 1996). Statistical methods for analyzing this type of 
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relationships are known as dependence statistical methods. Table 6.1 shows the 
types of dependence statistical methods classified along two axes, i.e., the number of 
variables involved and the type of measurement scales used. A metric scale consists 
of measurements that fall along a continuous scale, such as temperatures, or 
lengths, while non-metric scale refers to discrete or count data. Discrete data contain 
distinct values such as number of contractors or number of calls. 
 
Table 6.1 Types of dependence statistical methods 
Source: Sharma (1996) 
 
Among the dependence statistical methods listed in Table 6.1, the multiple 
regression modelling technique is one of the commonly adopted tools in construction 
research, assessing the strength of influence of multiple independent variables on a 
dependent variable (Sharma, 1996; Churchill and Iacobucci, 2005). In the case 
where there is only one independent variable, it is called the simple regression 
analysis. The next common dependence method is the ANOVA. It is a statistical 
extension of the t-test that enables: (i) the comparison of means of three or more 
 Dependent  variable(s) 
 One More than one 
 Metric Non-metric Metric Non-metric 
Independent  
variable(s) 
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groups of sample data simultaneously, and (ii) the use of two or more factors in 
defining the groups, and thus providing a better understanding of the dataset 
(Churchill and Iacobucci, 2005). 
 
The multivariate interdependence statistical methods are used to understand or 
identify why and how the variables, regardless of their nature as independent or 
dependent, are correlated among themselves (Sharma, 1996). This is because it is 
very difficult or incorrect, in some cases, to delineate one set of variable as 
independent and another set as dependent. Some commonly used multivariate 
interdependence statistical methods include: (i) simple correlation analysis; (ii) 
principal components analysis; (iii) exploratory factor analysis; and (iv) cluster 
analysis.  
 
A simple correlation analysis is a technique that involves measuring the closeness of 
the relationship or covariation between two variables at a time (Churchill and 
Iacobucci, 2005). Here, it is important to note that the mathematical functional 
relationship, obtained from the correlation analysis, cannot be used to establish 
causality. Next, the principal component analysis is a data reduction technique that 
helps to reduce a large number of variables into a few composites. It follows that 
each composite is formed by taking a weighted average of the variables involved 
(Sharma, 1996). In the Statistical Package for Social Sciences (SPSS) software, the 
principle component method is integrated into the exploratory factor analysis as an 
algorithm, facilitating extraction of the few underlying factors that are responsible for 
the correlation among a large number of variables (Norusis, 2007). As a result, the 
exploratory factor analysis is also considered as a data reduction technique that 
identifies clusters of variables such that correlations of the variables within individual 
cluster are higher than correlations of variable across other factors (Sharma, 1996).  
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Similar to the basic function of the exploratory factor analysis, the cluster analysis is 
a technique for grouping observations into clusters or groups. The observations 
within individual clusters are identical in terms of the variables used to form the 
clusters, while the observations across individual clusters are as different as possible 
with respect to the clustering variables (Sharma, 1996). However, the cluster analysis 
does differ from an exploratory factor analysis. In the former, observations are 
clustered in terms of particular characteristics of observations, whereas in the latter, 
variables are factorized (or grouped) based on the correlations between variables.  
 
6.2.2 Second generation analysis techniques - SEM  
Having discussed the above first-generation multivariate dependence and 
interdependence methods, the next issue to examine is the second-generation 
multivariate methods. One of these is the structural equation modelling.  
 
Structural equation modelling (SEM) has been widely used in social and behavioural 
research for developing and testing theories through the use of survey data. These 
include studies in business marketing (Matzler et al., 2007; Jensen, 2008) and 
organization behavioural studies (Wang and Li, 2007). This modelling technique has 
also attracted interest among construction management researchers. The works by 
Dulaimi et al. (2005), Islam and Faniran (2005), Leung et al. (2005), Jin et al. (2007) 
and Aibinu et al. (2008) are among construction-related studies using SEM.  
 
SEM has been seen as the second-generation multivariate technique that combines 
both econometric and psychometric perspectives in modelling attempts (Chin and 
Newstead, 1999; Wang and Li, 2007). Structural equation models are somewhat like 
multiple regression models in which numerous variables are used to predict another 
variable. However, the former are more complex than the latter in that they comprise 
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many layers of variables (which may include latent variables) and their 
interrelationships (Churchill and Iacobucci, 2005). The general convention for latent 
variables that cannot be observed is ‘constructs’. For consistency, the term 
‘construct’ is used in this study.  
 
In structural equation models, there are predicted constructs and predictor 
constructs. Predicted constructs are unobserved dependent variables, for example, 
the constructs of organizational flexibility in this research context. Predictor 
constructs are unobserved independent variables that are used to predict other 
constructs, for example, the key determinants for organizational flexibility in terms of 
resources and capabilities.  
 
Both predictor and predicted constructs are measured by their corresponding blocks 
of observed variables or measurement items. For consistency, this study uses 
measurement items. SEM focuses on prediction and modelling of constructs that are 
inferred from measurement items (Chin, 1998a; Chin and Newstead, 1999). Figure 
6.1 illustrates the differences between structural equation and multiple regression 
models. 
 
According to Chin and Newstead (1999), the SEM technique exhibits greater 
flexibility in modelling as compared to the first generation of multivariate techniques 
(for example, regression modelling and discriminant analysis). Chin (1998a; 1998b) 
pointed out that the first generation regression models always underestimate the 
accurate relationship between variables since they did not consider the existence of 
measurement errors of individual variables, as shown in Figure 6.1. On the contrary, 
structural equation models are characterized by their abilities (i) to predict multiple 
and interdependence relationships, and also (ii) to assess individual constructs in the 
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presence of their interdependence relationships without being contaminated by 
measurement errors (Hair et al., 1998; Dilalla, 2000).    
 
 
Figure 6.1 Comparison between structural equation and multiple regression models 
 
Apart from its ability to allow for measurement errors in all observed variables (both 
dependent and independent variables, i.e., εxn and εyn in Figure 6.1), the SEM 
technique has incorporated extension statistical functions, i.e., confirmatory factor 
analysis and path analysis into its modelling framework to allow for comprehensive 
measurement models (Bollen and Lennox, 1991; Kline, 1998). Through this 
integration, maximally efficient fit between data and a structural model is likely to 
occur since both confirmatory factor analysis and path analysis are executed 
simultaneously in a single structural equation model (Amoroso and Cheney, 1991). 
This is one condition which cannot be fulfilled via the first generation multivariate 
analysis techniques, especially regression models.  
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According to Kline (1998) and Wang and Li (2007), confirmatory factor analysis is an 
extension of the exploratory factor analysis function, which contains inferential 
statistics that permit: (i) the testing of hypotheses regarding the uni-dimensionality of 
a set of measurement items of individual constructs, and (ii) the testing of 
significance of the factor loadings of measurement items using a statistical t-test 
analysis.  For these reasons, confirmatory factor analysis leads to a stricter and more 
objective interpretation of uni-dimensionality (i.e., whether a set of empirical 
measurement items is related to an underlying construct), and a more 
comprehensive understanding of significance of measurement items as compared to 
exploratory factor analysis.  
 
Likewise, through the path analysis function, SEM facilitates the specification and 
examination of multiple structural relationships between identified constructs based 
on a priori assumptions derived from the literature (Bollen and Lennox, 1991; Kline, 
1998). Due to the complex structural relationships involved, this form of analysis 
cannot be conducted with a standard regression analysis (Kline, 1988; Dilalla, 2000). 
It should be noted that the concept of uni-dimensionality, and the exploratory factor 
analysis, confirmatory factor analysis and path analysis functions will be discussed in 
details in separate sections (see Sections 6.4.3 and 6.4.4).   
 
In addition to the foregoing superiority of SEM over conventional multivariate 
techniques, the justification for using the SEM technique in this study is as follows. It 
allows (Chin, 1998a; 1998b; Dilalla, 2000):  
(i) estimation of simultaneous relationships among measurement items of 
respective constructs, and between multiple predictor and predicted 
constructs;  
(ii) construction of multiple constructs, a condition that is very difficult to achieve 
in multiple regression modelling. In this case, constructs like employees’ skills 
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and behaviour, technological capabilities and organizational flexibility can be 
modelled to test the complex association among them; and 
(iii) statistical test on a priori theoretical and measurement assumptions against 
empirical data via confirmatory analysis (i.e. confirmatory factor analysis and 
path analysis). Here, the survey data were used to test the hypotheses 
described in Chapter 4.  
 
6.3 Types of SEM approach 
There are two types SEM-based analytical approaches, namely covariance- and 
component-based SEM approaches. The covariance-based approach has been well-
accepted in social science research, and is almost indistinguishable from the generic 
term SEM (Chin, 1998a). It should be noted that the covariance-based SEM 
approach has been attached to social science research since the 1970s when 
Joreskog (1973) developed the concept of maximum likelihood covariance structure 
analysis, and subsequently commercialized the concept into the computer software 
known as LISREL (Joreskog and Sorbom, 1978). Following the increasing popularity 
of the covariance-based SEM approach, other software packages have been 
commercialized over the last few decades. These include software packages such as 
AMOS, EQS, Mplus, SEPATH and RAMONA.   
 
The component-based approach, which is also known as partial least square (PLS) 
method, is the other type of SEM-based analytical approach (Wold, 1975; Fornell and 
Bookstein, 1982). The PLS method is a variance-based causal modelling approach 
developed in the 1960s by Herman Wold who presented two iterative procedures 
using least square estimation for single- and multiple-component models and for 
canonical correlation (Wold, 1966; 1975). According to Wold (1975), PLS could be 
used to avoid some restrictive assumptions underlying the maximum likelihood 
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estimation of LISREL. Nonetheless, Wold (1982) and Chin and Newstead (1999) 
take the view that PLS and LISREL are complementary rather than competitive in 
that they complement the weaknesses of one another. There are also commercial 
and academic software packages available to analyse PLS-based models. These 
include software packages such as LVPLS, PLS-GUI, VisualPLS, PLS-graph and 
SmartPLS.  
 
6.3.1 Comparison between covariance-based SEM and component-based SEM 
Having discussed the background of the two SEM approaches, it is noted that there 
are differences between covariance-based and component-based SEM approaches 
in terms of their objective, approach, assumptions, parameter estimation, latent 
variable (construct) score, sample size requirement, etc. Table 6.2 shows the 
detailed comparisons of these criteria between these two SEM approaches. 
 
 Table 6.2 Comparison of component-based and covariance-based SEM approaches 
Criterion Covariance-based Component-based (PLS) 
Objective Parameter oriented Prediction oriented 
Approach Covariance based Variance based 
Assumptions 
Typically multivariate, normally 
distributed and independent 
observations (parametric) 
Predictor specification/no specific 
requirements (non-parametric) 
Parameter estimates Consistent Consistent as indictors and sample size increases (i.e. consistency at large) 
Latent  variable 
(construct) score Indeterminate Explicitly estimated 
Epistemic relationship 
between a latent 
variable and its 
measures 
Typically only with reflective indicator Can be modelled in either formative or reflective mode 
Implication Optimal for parameter accuracy Optimal for prediction accuracy 
Model complexity Small to moderate complexity (e.g., less than 100 indicators) 
Large complexity (e.g., 100 constructs 
and 1000 indicators) 
Sample size 
Ideally based on power analysis of 
specific model – minimal 
recommendations range from 200 to 
800 cases. 
Power analysis based on the portion of 
the model with the largest number of 
predictors. Minimal recommendations 
range from 30 to 100 cases 
Adapted from: Chin and Newstead (1999) 
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The main difference between these two SEM approaches lies in their objective. 
According to Joreskog and Wold (1982), the covariance-based SEM approach is best 
used for theory testing and development, while the component-based SEM approach 
is more oriented towards predictive applications. In term of estimation approach, the 
covariance-based SEM approach uses the maximum likelihood estimation and 
attempts to minimize the difference between the sample covariance and those 
predicted by the model. The component-based SEM approach, on the other hand, 
uses least square estimation and attempts to maximize the variance explained for 
constructs and parameter estimates by minimizing each residual variance separately 
for improved prediction of corresponding constructs (Fornell and Bookstein, 1982; 
Chin and Newstead; 1999).   
 
The other difference is that the covariance-based SEM approach tends to be more 
restrictive and problematic to use than the component-based SEM approach (Fornell 
and Bookstein, 1982; Chin and Newstead, 1999). The former requires: (i) the 
observations to be normally distributed and independent of one another; and (ii) a 
large sample size (ranging from 200 to 800 sets of data). Furthermore, it tends to 
face problems with complex modelling in terms of fit indices and computation (see 
Chin, 1998a).  
 
On the other hand, the component-based SEM approach is more exploratory (Chin, 
1998a; Chin et al., 2003). First, it is not constrained by the normality assumption and 
does not require a large sample size. Second, it allows the use of non-interval scaled 
data (for example, ordinal-scaled data). Third, this approach tends to estimate 
constructs as linear combinations of observed variables using weight relations, and 
thereby it avoids the indeterminacy and provides an exact definition of constructs’ 
scores (Fornell and Bookstein, 1982; Chin and Newstead, 1999). Since this approach 
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operates on the relationships between observed variables and their corresponding 
constructs as a series of interdependent ordinary least square (OLS) regressions, 
there is no identification problems for recursive PLS (i.e., one way path) models nor 
any distributional requirements for observed variables (Fornell and Bookstein, 1982; 
Chin and Newstead, 1999).  
 
According to Chin et al. (2003), the component-based SEM approach is a more 
comprehensive modelling technique since it comprises many other first generation 
multivariate analysis techniques. These include: (i) canonical correlation; (ii) 
redundancy analysis; (iii) multiple regression; (iv) MANOVA; (v) factor analysis; and 
(vi) principal components analysis. Therefore, it is more suitable for, and capable of 
explaining complex relationships among multiple predicted and predictor constructs 
(Fornell et al., 1990; Chin et al., 2003).   
 
6.3.2 Justification for using PLS approach  
Taking into consideration the characteristics of both SEM approaches in tandem with 
the exploratory nature of this research, the PLS approach (a component-based SEM) 
is considered as an appropriate tool for data analysis. The term ‘PLS’ is used 
hereinafter to facilitate the discussion.   
 
Moreover, one of the major concerns in this study was the predictive power of the 
research model. As highlighted above, the PLS can handle a more complex model 
and it neither requires a large sample size (i.e., from 30 to 100 cases) nor rigorous 
restrictions on data distribution. In this case, it is clear that the use of the covariance-
based SEM was inappropriate in that it was impossible to collect 200 to 800 dataset 
for this study since only 91 contractors were identified following the filtering process 
described in Section 5.5.4.  
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Also, the proposed conceptual framework for this study exhibits a high complexity 
with more than 10 constructs and approximately 70 measurement items, without 
mentioning the additional terms if one is to consider the interaction terms between 
variables in an attempt to test moderating effects in the proposed model. In this case, 
one of the research objectives is to test the moderating effects of two constructs, i.e., 
market and technological conditions on organizational flexibility, which made the PLS 
approach a more appropriate choice given its relative superiority over the covariance-
based SEM approach. Indeed, the constructs’ scores needed in this study to develop 
the flexibility index can only be obtained by using a PLS approach, the covariance-
based SEM approach does not provide these results (Hsu et al., 2006). 
 
However, the PLS approach does have its disadvantages that need to be mentioned 
here. First, the parameter estimates in PLS will be asymptotically correct only under 
the joint conditions of consistency (sample size becomes large) and consistency at 
large (the number of indicators or measurement items per construct becomes large). 
The consequence for failure to address this disadvantage is that the correlations 
between constructs will tend to be underestimated, whereas the correlations of the 
observed variables with their respective constructs will tend to be overestimated 
(Dijkstra, 1983). Nonetheless, Fornell and Cha (1994) noted that the prediction 
quality of the PLS remains unaffected since (i) these two effects approximately even 
out, and (ii) the order of effects and their relations to each other remain almost 
proportional. Second, the parameter estimates in PLS are not as efficient as full-
information estimates (i.e., covariance-based SEM) at which jackknife or bootstrap 
procedures are required to obtain estimates of standard errors of the parameter 
estimates (Dijkstra, 1983).  
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The above two shortcomings of the PLS approach should not outweigh its suitability 
in this research. Here, the sample size of 40 cases is considered adequate for the 
modelling purposes (Wixom and Watson, 2001; Aibinu et al., 2008), and for each 
construct, at least three indicators or measurement items were taken into account in 
designing the structured questionnaire (see Section 5.4.1). To obtain the standard 
errors of the parameter estimate, bootstrapping method was adopted in this study 
and will be examined subsequently. 
 
6.4 The PLS modelling process 
Figure 6.2 presents the PLS modelling process in this study that consists of five 
major steps. Upon satisfying the PLS requirements of the data sample, the 
SmartPLS2.0 M3 (Ringle et al., 2005), a Java-based statistical software, was used to 
execute the iterative process on the PLS models specified in this study. This 
statistical software, which was developed by a project team at the Institute of 
Operations Management and Organizations (School of Business) from the University 
of Hamburg, has an in-built bootstrapping technique for estimating the standard 
errors of parameter estimates. Apart from its integrated statistical functions, 
justifications for choosing the SmartPLS2.0 M3 software are provided below.  
(i) A web-based discussion forum is created for the SmartPLS community to 
discuss all software and PLS-related topics with users and experts. This 
forum is monitored by three professors, from the School of Business of the 
University of Hamburg, who provide advice to researchers across different 
disciplines. This provides the necessary support on the application of the PLS 
modelling technique in this study. 
(ii) The  SmartPLS software has been widely used by previous studies focusing 
on different areas, such as (i) business management research (Gudergan et 
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al., 2008; Guenzi et al., 2008; Jenson, 2008), and (ii) information system 
research (Vance et al., 2008). This attests to the creditability of this software. 
(iii) Compared with other PLS-related software, as discussed in Section 6.3, the 
SmartPLS is identified as one of the most user-friendly software (Temme et 
al., 2006). According to Vance et al. (2008), the SmartPLS software is 
comparable to the PLS-graph developed by Chin (1998a) from the University 
of Houston; where the former is based on the same method and offers similar 
features but with an improved graphical interface.  
 
 
Figure 6.2 The PLS modelling process 
 
Prepare data sample 
Detect common method variance and 
multicollinearity 
Specify PLS model 
Specify inner relations, outer relations and 
weight relations 
Execute PLS iterative process 
Conduct confirmatory factor analysis, path 
analysis and bootstrapping 
Conduct construct validation 
(measurement model) 
Assess internal reliability, uni-dimensionality, 
convergent validity and discriminant validity 
of construct 
Evaluate PLS structural model 
Assess the coefficient of determinant, R2
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6.4.1 Preparation of sample data  
Before embarking on the data analysis, the two potential inherent problems (i.e., 
common method variance and multi-collinearity) in the sample data of this study were 
first addressed. The following provides an account of the methods adopted to detect 
the presence of these two potential problems.   
 
6.4.1.1 Common method variance 
Common method variance can be defined as the overlap in variance between two 
variables attributable to the type of measurement instrument used rather than due to 
the inherent relationships between the underlying constructs (Glick et al., 1986; 
Avolio and Bass, 1991). Although the use of self-report retrospective data is common 
in management research, it can, under certain conditions, either inflate or suppress 
the extent of relationships being investigated and cause common method variance 
problems (William et al., 1989; Strandholm et al., 2004).  
 
Self-report data create the most variance problems in topics that evoke strong 
sentiments, such as stress and job satisfaction (Boyd and Fulk, 1996); or evoke 
socially desirable responses, leading to a compressed response range (Podsakoff 
and Organ, 1986). Hence, it is imperative to address the potential problems of 
common method variance in this study since the data obtained are primarily 
subjective and from a single key informant source. Various measures have been 
adopted during the data collection stage to minimize any possible distorted self-
reports and socially desirable answers which, in turn, limiting the possibility of 
common method variance problems (see Section 5.5.5). 
  
In addition, a formal test using the Harman’s (1967) one-factor test was performed to 
address the issue of common method variance. This test involves entering all the 
  242 
independents and dependent variables into an exploratory factor analysis. Common 
method variance is a substantial problem if there is a single factor that accounts for a 
disproportionately large variance in the data sample. The results of this test show 
that a 23-factor solution emerged explaining 89.72% of the variance with no single 
factor accounting for more than 17% of the variance in the data sample. Thus, no 
corrective measure is required in this data preparation process. 
 
6.4.1.2 Multicollinearity  
Multicollinearity presents a problem of the presence of significant correlation among 
independent variables in a regression model. Such a problem is more likely to occur 
when moderating (or interaction) terms are employed because the multiplicative 
effect in creating cross-product terms may result in high levels of multicollinearity. 
However, Cronbach (1987) demonstrated that this is not a substantial problem, but 
can be a practical problem because high correlations between predictors can cause 
computational errors in standard computer programs.  
 
In this study, the concern of multicollinearity needs to be addressed in two aspects: 
(i) the multicollinearity within individual blocks of measurement items used to 
represent respective underlying constructs, and (ii) the multicollinearity among 
predictor constructs in structural equation models. For the former, the coefficient of 
each measurement item in individual blocks under the reflective mode, is based on 
simple regression, and thus is not affected by multicollinearity (Fornell and Bookstein 
1982). As for the test for the presence of multicollinearity among predictor constructs, 
a formal test suggested by Neter et al. (1990) was performed to obtain the variance 
inflation factors (VIF) values for all predictor constructs and the respective mean VIF 
values. The results of this test show that all VIF values and mean VIF values are 
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below the suggested threshold level of 10 and 1, respectively. Thus, no corrective 
measure is required in the multicollinearity check.  
 
Having satisfied the above checks, the sample data was entered in the required 
format specified in the SmartPLS2.0 M3 statistical software. As an inbuilt introductory 
function of the PLS software, the formatted sample data further underwent a 
validation check to ensure data consistency and compatibility before starting other 
modelling processes such as (i) confirmatory factor analysis; (ii) path analysis; and 
(iii) bootstrapping (see Section 6.4.3). 
 
6.4.2 The PLS model specification 
This section presents the two PLS model specifications of this study. Each of the 
specified PLS models consists of three types of relationships: (i) inner relation, which 
specifies the relationship between constructs; (ii) outer relation, which specifies the 
relationship between constructs and their respective observed variables; and (iii) 
weight relation upon which estimates for constructs’ scores can be estimated.  
 
Corresponding to the second objective of this research, i.e., to identify the key 
determinants of organizational flexibility, the PLS model one (PLS M1) is shown in 
Figure 6.3. PLS M1 consists of 11 predictor constructs (or independent constructs, ξ)  
in relation to a construction firm’s resources, capabilities and strategies, which form 
the key determinants for the three-dimensional organizational flexibility construct, η 
(i.e., operational flexibility, tactical flexibility and strategic flexibility). The arrows 
represent the relationships between the three flexibility dimensions and 11 predictor 
constructs. The parameter estimates are imposed on the PLS M1 (for example, λ1.1 
λ1.2, and λ1.3) to facilitate the development of structural equations (inner relations) 
among constructs. Table 6.3 shows the three structural equations formed in PLS M1. 
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Table 6.4, on the other hand, shows the associated outer and weight relations 
between the constructs and their corresponding measurement items of the PLS M1. 
In this case, a total of 67 measurement equations are derived to represent the outer 
reflective relations between the constructs and their corresponding measurement 
items (i.e. measurement models), together with the 14 weight relations between the 
constructs and their corresponding measurement items.  
 
A theoretical PLS model two (PLS M2) corresponding to the third objective of this 
study is considered next.  Figure 6.4 shows the PLS M2 constructed to examine the 
effects of interrelationships among the key determinants on organizational flexibility. 
The overall conceptual linkages among the constructs start with three predictor 
constructs (or independent constructs, ξ) that are linked to 11 predicted constructs 
(or dependent constructs, η). Table 6.5 shows the eleven structural equations 
representing the inner relations among the constructs, using the imposed parameter 
estimates. Similarly, these inner relations are developed based on the propositions 
established in Chapter 4. Both the outer and weight relations between the constructs 
and their corresponding measurement items are shown next in Table 6.6.  
 
It should be noted that, without any loss of generality, all observed variables are 
standardized to have zero means and unit variances so that constant terms can be 
eliminated in all proposed equations listed in Tables 6.3 to 6.6. This completes the 
PLS model specification process at which the SmartPLS2.0 M3 statistical software 
was used to execute both PLS M1 and M2.  
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ξi – independent construct 
ηi – dependent construct 
λi – parameter estimate 
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Table 6.3 Inner relations (structural relationships) among constructs for PLS M1 
 Inner relations -  Latent structural equations (ηi = λγξr +Ωi) 
η1 = λ1.1ξ1 + λ1.2ξ2 + λ1.3ξ3 + λ1.4ξ4 + λ1.5ξ5  + λ1.6ξ6 + λ1.7ξ7 + λ1.8ξ8  + λ1.9ξ9 + φ1.10ξ10 + φ1.11ξ11 + Ω1 
η2 = λ2.1ξ1 + λ2.2ξ2 + λ2.3ξ3 + λ2.4ξ4 + λ2.5ξ5  + λ2.6ξ6 + λ2.7ξ7 + λ2.8ξ8  + λ2.9ξ9 + φ2.10ξ10 + φ2.11ξ11 + Ω2 
η3 = λ3.1ξ1 + λ3.2ξ2 + λ3.3ξ3 + λ3.4ξ4 + λ3.5ξ5  + λ3.6ξ6 + λ3.7ξ7 + λ3.8ξ8  + λ3.9ξ9 + φ3.10ξ10 + φ3.11ξ11 + Ω3 
 
Table 6.4 Outer relations and weight relations between constructs and their corresponding observed variables for PLS M1 
Construct  Observed variables (measurement 
items) – Indicator code   
Outer relation reflective measurement equations 
(xs = λxξr + εx , ys =  λyηβ + εy) 
Weight relations 
(ξr = ωξrxs, ηβ = ωηβys) 
Commitment to 
Learning (ξ1) 
x1.1 – CL1, x1.2 – CL2,  x1.3 – CL3 x1.1 = λx1.1ξ1 + εx1.1, x1.2 = λx1.2ξ1 + εx1.2, x1.3 = λx1.3ξ1 + εx1.3        ωξ1.1x1.1 + ωξ1.2x1.2 +ωξ1.3x1.3  
Shared vision and 
value (ξ2) 
x2.1 – SV1, x2.2 –SV2,  x2.3 – SV3, x2.4 – SV4  x2.1 = λx2.1ξ2 + εx2.1, x2.2 = λx2.2ξ2 + εx2.2, x2.3 = λx2.3ξ2 + εx2.3     
x2.4 = λx2.4ξ2 + εx2.4            
ωξ2.1x2.1 + ωξ2.2x2.2 + ωξ2.3x2.3 + ωξ2.4x2.4 
Open-mindedness (ξ3) x3.1 –O1, x3.2 – O2, x3.3 - O3 x3.1 = λx3.1ξ3 + εx3.1, x3.2 = λx3.2ξ1 + εx3.2, x3.3 = λx3.3ξ1 + εx3.3  
 
ωξ3.1x3.1 + ωξ3.2x3.2 + ωξ3.3x3.3  
Organizational 
structure (ξ4) 
x4.1 –OS1, x4.2 –OS2,  x4.3 –OS3, x4.4 –OS4 x4.1 = λx4.1ξ4 + εx4.1, x4.2 = λx4.2ξ4 + εx4.2, x4.3 = λx4.3ξ4 + εx4.3,  
x4.4 = λx4.4ξ4 + εx4.4 
ωξ4.1x4.1 + ωξ4.2x4.2 + ωξ4.3x4.3 + ωξ4.4x4.4 
Employees’ skills and 
behaviour (ξ5) 
x5.1 – ESB1, x5.2 – ESB2, x5.3 – ESB3, x5.4 – ESB4,  
x5.5 – ESB5, x5.6 – ESB6, x5.7 – ESB7, x5.8 – ESB8 
x5.1 = λx5.1ξ5  + εx5.1, x5.2 = λx5.2ξ5 + εx5.2, x5.3 = λx5.3ξ5 + εx5.3,  
x5.4 = λx5.4ξ5 + εx5.4, x5.5 = λx5.5ξ5 + εy5.5, x5.6 = λx5.6ξ5 + εx5.6,  
x5.7 = λx5.7ξ5 + εx5.7, x5.8 = λx5.8ξ5 + εx5.8 
ωξ5.1x5.1 + ωξ5.2x5.2 + ωξ5.3x5.3 +  
ωξ5.4x5.4 + ωξ5.5x5.5 + ωξ5.6x5.6 +  
ωξ5.7x5.7 + ωξ5.8x5.8 
Technological 
capabilities (ξ6) 
x6.1 –IT1, x6.2 – IT2, x6.3 – IT3, x6.4 – IT4, x6.5 – PT1, 
x6.6 – PT2, x6.7 – PT3 
x6.1 = λx6.1ξ6+ εx6.1, x6.2 = λx6.2ξ6 + εx6.2, x6.3 = λx6.3ξ6+ εx6.3,  
x6.4 = λx6.4ξ6 + εx6.4,x6.5 = λx6.5ξ6+ εx6.5, x6.6 = λx6.6ξ6 + εx6.6, 
x6.7 = λx6.7ξ6 + εx6.7 
ωξ6.1x6.1 + ωξ6.2x6.2 + ωξ6.3x6.3 + ωξ6.4x6.4 
+ ωξ6.5x6.5 + ωξ6.6x6.6 + ωξ6.7x6.7  
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Construct  Observed variables (measurement 
items) – Indicator code   
Outer relation reflective measurement equations 
(xs = λxξr + εx , ys =  λyηβ + εy) 
Weight relations 
(ξr = ωξrxs, ηβ = ωηβys) 
Supply chain 
capabilities (ξ7) 
x7.1 –SC1, x7.2 – SC2, x7.3 – SC3, x7.4 – SC4, x7.5 – SC5,
x7.6 – SC6, x7.7 – SC7 
x7.1 = λx7.1ξ7+ εx7.1, x7.2 = λx7.2ξ7 + εx7.2, x7.3 = λx7.3ξ7+ εx7.3,  
x7.4 = λx7.4ξ7 + εx7.4,x7.5 = λx7.5ξ7+ εx7.5, x7.6 = λx7.6ξ7 + εx7.6, 
x7.7 = λx7.7ξ7 + εx7.7 
ωξ7.1x7.1 + ωξ7.2x7.2 + ωξ7.3x7.3 + ωξ7.4x7.4 
+ ωξ7.5x7.5 + ωξ7.6x7.6 + ωξ7.7x7.7  
Cost leadership (ξ8) x8.1 –B9, x8.2 – B10, x8.3 – B14, x8.4 – B15 
 
x8.1 = λx8.1ξ8 + εx8.1, x8.2 = λx8.2ξ8 + εx8.2, x8.3 = λx8.3ξ8+ εx8.3,  
x8.4 = λx8.4ξ8 + εx8.4 
 
ωξ8.1x8.1 + ωξ8.2x8.2 + ωξ8.3x8.3 + ωξ8.4x8.4  
 Risk leadership (ξ9) X9.1 –B5, x9.2 – B6, x9.3 – B8, x9.4 – B11 x9.1 = λx9.1ξ9 + εx9.1, x9.2 = λx9.2ξ9 + εx9.2, x9.3 = λx9.3ξ9 + εx9.3,  
x9.4 = λx9.4ξ9 + εx9.4                 
ωξ9.1x9.1 + ωξ9.2x9.2 + ωξ9.3x9.3 + ωξ9.4x9.4 
Customer intimacy 
(ξ10) 
X10.1 –B2, x10.2 – B3, x10.3 – B4, x10.4 – B13 x10.1 = λx10.1ξ10 + εx10.1, x10.2 = λx10.2ξ10 + εx10.2,  
x10.3 = λx10.3ξ10 + εx10.3, x10.4 = λx10.4ξ10 + εx10.4                 




X11.1 –B1, x11.2 – B7, x11.3 – B12, x11.4 – BS16 x11.1 = λx11.1ξ11 + εx11.1, x11.2 = λx11.2ξ11 + εx11.2,  
x11.3 = λx11.3ξ11 + εx11.3, x11.4 = λx11.4ξ11 + εx11.4                 




y1.1 – F1, y1.2 –F2,  y1.3 –F9, y1.4 – F10, y1.5 – F11,  
y1.6 – F14 
y1.1 = λy1.1η1 + εy1.1, y1.2 = λy1.2η1 + εy1.2,  
y1.3 = λy1.3η1 + εy1.3, y1.4 = λy1.4η1 + εy1.4,  
y1.5 = λy1.5η1 + εy1.5, y1.6 = λy1.6η1 + εy1.6 
ωη1.1y1.1 + ωη1.2y1.2 + ωη1.3y1.3 + 
ωη1.4y1.4 + ωη1.5y1.5 + ωη1.6y1.6 
Tactical flexibility  
(η2) 
y2.1 – F3, y2.2 – F4,  y2.3 – F5, y2.4 – F7 y2.1 = λy2.1η2 + εy2.1, y2.2 = λy2.2η2 + εy2.2,  
y2.3 = λy2.3η2 + εy2.3, y2.4 = λy2.4η2 + εy2.4  
 
ωη2.1y2.1 + ωη2.2y2.2 + ωη2.3y2.3 + 
ωη2.4y2.4 
Strategic flexibility  
(η3) 
y3.1 – F6, y3.2 –F8,  y3.3 –F12, y3.4 – F13, y3.5 – F15  
 
y3.1 = λy3.1η3 + εy3.1, y3.2 = λy3.2η3 + εy3.2,  
y3.3 = λy3.3η3 + εy3.3, y3.4 = λy3.4η3 + εy3.4,  
y3.5 = λy3.5η3 + εy3.5 
ωη3.1y3.1 + ωη3.2y3.2 + ωη3.3y3.3 + 
ωη3.4y3.4 + ωη3.5y3.5  
Note: Measurement items of respective constructs were classified based on the test result of the exploratory factor analysis in Section 7.3   





















































































































ξi – independent construct 
ηi – dependent construct 
φ – parameter estimate from independent to dependent constructs 
α – parameter estimate from dependent to dependent constructs
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Table 6.5 Inner relations (structural relationships) among constructs for PLS M2 
 Inner relations -  Latent structural equations (ηi = αμηβ + φκξr +Ωi) 
η1 = α1.3η3 + φ1.1ξ1 + φ1.2ξ2 + φ1.3ξ3 + Ω1 
η2 = φ2.1ξ1 + φ2.2ξ2 + φ2.3ξ3 + Ω2 
η3 = α3.2η2 + φ3.1ξ1 + φ3.2ξ2 + φ3.3ξ3 + Ω3 
η4 = α4.2η2 + α4.3η3 + Ω4 
η5 = α5.1η1 + α5.2η2 + α5.3η3 + α5.4η4 + φ5.1ξ1 + φ5.2ξ2 + φ5.3ξ3  + Ω5 
η6 = α6.1η1 + α6.2η2 + α6.3η3 + α6.4η4 + φ6.1ξ1 + φ6.2ξ2 + φ6.3ξ3  + Ω6 
η7 = α7.1η1 + α7.2η2 + α7.3η3 + α7.4η4 + φ7.1ξ1 + φ7.2ξ2 + φ7.3ξ3  + Ω7 
η8 = α8.1η1 + α8.2η2 + α8.3η3 + α8.4η4 + φ8.1ξ1 + φ8.2ξ2 + φ8.3ξ3  + Ω8 
η9 = α9.1η1 + α9.2η2 + α9.3η3 + α9.4η4 + α9.5η5 + α9.6η6 + α9.7η7 + α9.8η8 + Ω9 
η10 = α10.1η1 + α10.2η2 + α10.3η3 + α10.4η4 + α10.5η5 + α10.6η6 + α10.7η7 + α10.8η8 + Ω10 
η11 = α11.1η1 + α11.2η2 + α11.3η3 + α11.4η4 + α11.5η5 + α11.6η6 + α11.7η7 + α11.8η8 + Ω11 
 
Table 6.6 Outer relations and weight relations between constructs and their corresponding observed variables for PLS M2 
Construct  Observed variables (measurement 
items) – Indicator code   
Outer relation reflective measurement equations 
(xs = λxξr + εx , ys =  λyηβ + εy) 
Weight relations 
(ξr = ωξrxs, ηβ = ωηβys) 
Commitment to 
Learning (ξ1) 
x1.1 – CL1, x1.2 – CL2,  x1.3 – CL3 x1.1 = λx1.1ξ1 + εx1.1, x1.2 = λx1.2ξ1 + εx1.2, x1.3 = λx1.3ξ1 + εx1.3        ωξ1.1x1.1 + ωξ1.2x1.2 +ωξ1.3x1.3  
Shared vision and 
value (ξ2) 
x2.1 –SV1, x2.2 – SV2, x2.3 - SV3, x2.4 – SV4 x2.1 = λx2.1ξ2 + εx2.1, x2.2 = λx2.2ξ2 + εx2.2, x2.3 = λx2.3ξ2 + εx2.3, 
x2.4 = λx2.4ξ2 + εx2.4          
ωξ2.1x2.1 + ωξ2.2x2.2 + ωξ2.3x2.3 + ωξ2.4x2.4 
Open-mindedness (ξ3) x3.1 – O1, x3.2 –O2,  x3.3 – O3  x3.1 = λx3.1ξ3 + εx3.1, x3.2 = λx3.2ξ1 + εx3.2, x3.3 = λx3.3ξ1 + εx3.3 
            
ωξ3.1x3.1 + ωξ3.2x3.2 + ωξ3.3x3.3  
Organizational 
structure (η1) 
y1.1 –OS1, y1.2 –OS2,  y1.3 –OS3, y1.4 –OS4 y1.1 = λy1.1η1 + εy1.1, y1.2 = λy1.2η1 + εy1.2, y1.3 = λy1.3η1 + εy1.3,  
y1.4 = λy1.4η1 + εy1.4 
ωη1.1y1.1 + ωη1.2y1.2 + ωη1.3y1.3 + 
ωη1.4y1.4  
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Construct  Observed variables (measurement 
items) – Indicator code   
Outer relation reflective measurement equations 
(xs = λxξr + εx , ys =  λyηβ + εy) 
Weight relations 
(ξr = ωξrxs, ηβ = ωηβys) 
Employees’ skills and 
behaviour (η2) 
y2.1 – ESB1, y2.2 – ESB2, y2.3 – ESB3, y2.4 – ESB4,  
y2.5 – ESB5, y2.6 – ESB6, y2.7 – ESB7, y2.8 – ESB8 
y2.1 = λy2.1η2 + εy2.1, y2.2 = λy2.2η2 + εy2.2, y2.3 = λy2.3η2 + εy2.3,  
y2.4 = λy2.4η2 + εy2.4, y2.5 = λy2.5η2 + εy2.5, y2.6 = λy2.6η2 + εy2.6, 
y2.7 = λy2.7η2 + εy2.7, y2.8 = λy2.8η2 + εy2.8 
ωη2.1y2.1 + ωη2.2y2.2 + ωη2.3y2.3 + 
ωη2.4y2.4 + ωη2.5y2.5 +  ωη2.6y2.6 + 
ωη2.7y2.7 + ωη2.8y2.8  
Technological 
capabilities (η3) 
y3.1 –IT1, y3.2 – IT2, y3.3 – IT3, y3.4 – IT4, y3.5 – PT1, 
y3.6 – PT2, y3.7 – PT3 
y3.1 = λy3.1η3 + εy3.1, y3.2 = λy3.2η3 + εy3.2, y3.3 = λy3.3η3 + εy3.3,  
y3.4 = λy3.4η3 + εy3.4, y3.5 = λy3.5η3 + εy3.5, y3.6 = λy3.6η3 + εy3.6, 
y3.7 = λy3.7η3 + εy3.7 
ωη3.1y3.1 + ωη3.2y3.2 + ωη3.3y3.3 + 




y4.1 –SC1,y4.2 – SC2, y4.3 – SC3, y4.4 – SC4, y4.5 – SC5, 
y4.6 – SC6, y4.7 – SC7 
y4.1 = λy4.1η4 + εy4.1, y4.2 = λy4.2η4 + εy4.2, y4.3 = λy4.3η4 + εy4.3,  
y4.4 = λy4.4η4 + εy4.4, y4.5 = λy4.5η4 + εy4.5, y4.6 = λy4.6η4 + εy4.6, 
y4.7 = λy4.7η4 + εy4.7 
ωη4.1y4.1 + ωη4.2y4.2 + ωη4.3y4.3 + 
ωη4.4y4.4 + ωη4.5y4.5 +  ωη4.6y4.6 + 
ωη4.7y4.7 
Cost leadership (η5) y5.1 –B9, y5.2 – B10, y5.3 – B14, y5.4 – B15  
 
y5.1 = λy5.1η5 + εy5.1, y5.2 = λy5.2η5 + εy5.2, y5.3 = λy5.3η5 + εy5.3,  
y5.4 = λy5.4η5 + εy5.4 
ωη5.1y5.1 + ωη5.2y5.2 + ωη5.3y5.3 + 
ωη5.4y5.4 
 Risk leadership (η6) y6.1 –B5, y6.2 – B6, y6.3 – B8, y6.4 – B11 y6.1 = λy6.1η6 + εy6.1, y6.2 = λy6.2η6 + εy6.2, y6.3 = λy6.3η6 + εy6.3,  
y6.4 = λy6.4η6 + εy6.4 




y7.1 –B2, y7.2 – B3, y7.3 – B4, y7.4 – B13 y7.1 = λy7.1η7 + εy7.1, y7.2 = λy7.2η7 + εy7.2, y7.3 = λy7.3η7 + εy7.3,  
y7.4 = λy7.4η7 + εy7.4 




y8.1 –B1, y8.2 – B7, y8.3 – B12, y8.4 – B16 y8.1 = λy8.1η8 + εy8.1, y8.2 = λy8.2η8 + εy8.2, y8.3 = λy8.3η8 + εy8.3,  
y8.4 = λy8.4η8 + εy8.4 




y9.1 – F1, y9.2 –F2,  y9.3 –F9, y9.4 – F10, y9.5 – F11,  
y9.6 – F14 
y9.1 = λy9.1η9 + εy9.1, y9.2 = λy9.2η9 + εy9.2,  
y9.3 = λy9.3η9 + εy9.3, y9.4 = λy9.4η9 + εy9.4,  
y9.5 = λy9.5η9 + εy9.5, y9.6 = λy9.6η9 + εy9.6 
ωη9.1y9.1 + ωη9.2y1.2 + ωη9.3y9.3 + 
ωη9.4y9.4 + ωη9.5y9.5 + ωη9.6y9.6 
Tactical flexibility  
(η10) 
y10.1 – F3, y10.2 – F4,  y10.3 – F5, y10.4 – F7 y10.1 = λy10.1η10 + εy10.1, y10.2 = λy10.2η10 + εy10.2,  
y10.3 = λy10.3η10 + εy10.3, y10.4 = λy10.4η10 + εy10.4  
ωη10.1y10.1 + ωη10.2y10.2 + ωη10.3y10.3 + 
ωη10.4y10.4 
Strategic flexibility  
(η11) 
y11.1 – F6, y11.2 –F8,  y11.3 –F12, y11.4 – F13, y11.5 – F15  
 
y11.1 = λy11.1η11 + εy11.1, y11.2 = λy11.2η11 + εy11.2,  
y11.3 = λy11.3η11 + εy11.3, y11.4 = λy11.4η11+ εy11.4,  
y11.5 = λy11.5η11 + εy11.5 
ωη11.1y11.1 + ωη11.2y11.2 + ωη11.3y11.3 + 
ωη11.4y11.4 + ωη11.5y11.5  
Note: Measurement items of respective constructs were classified based on the test result of the exploratory factor analysis in Section 7.3  
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6.4.3 PLS modelling approach and its parameter estimation process  
Having specified the two PLS models in this study, an example of the PLS parameter 
estimate process adopted in this study is shown in Figure 6.5 to illustrate the 
execution of the PLS iterative process. The two constructs, i.e., employees’ skills and 
behaviour (ξ) and supply chain capabilities (η), and their corresponding blocks of 
observed variables are selected here to illustrate the parameter estimation between 
constructs and their corresponding observed variables. It can be seen that a one-way 
causal relationship (i.e., path relation) is hypothesized between ξ and η. Insofar as ξ 
could only explain a portion of the variance in η, the residual variance at this 
structural level is assumed to reside in εη. Here, the structural relationship among ξ, η 
and εη forms the structural model, which is known as the inner relation (i.e., Eq. 6-1). 
The relationships between constructs and their corresponding observed variables 
form the measurement models; these relationships formed are also known as the 
outer relations (i.e., Eq. 6-2 and 6-3).  
 
Both ξ and η are recognized as the constructs that cannot be measured directly. In 
effect, each of them is indirectly measured by a number of reflective observed 
variables, denoted by x1, x2, x3,..., x8 for ξ and y1, y2, y3,..., y7 for η. According to 
Bollen (1989), reflective observed variables are reflections of the extent a construct is 
being characterized, but they do not directly influence the construct. Therefore, they 
could be exchanged without a loss of validity if a better way is found to reflect a 
construct. The extent to which these observed variables reflects their respective 
constructs is determined, to a large extent, by the weight of their loadings using the 
factor analysis (i.e., λX1, λX2, λX3,..., λX8 for ξ and λy1, λy2, λy3,..., λy7 for η in Figure 
6.5). Also, the predicted value of a construct allows for the measurement error of all 
of their corresponding observed variables, denoted by εX1, εX2, εX3,..., εX8 for ξ and εy1, 
εy2, εy3,..., εy7 for η. 
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Figure 6.5 A PLS model with two blocks of reflective observed variables  
 
Apart from its ability to model reflective epistemic relationship, it is noted that the PLS 
approach also permits the modelling of formative or casual relationships between 
constructs and their corresponding observed variables. Unlike reflective observed 
variables, formative observed variables have direct influence on the value of a 
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Ability to work in a team environment (x2) 
Ability to travel overseas on assignments for an extended 
period (x3)
Ability to learn and adapt to different business conditions (x4) 
Ability to perform a diverse range of tasks and responsibilities 
(x5) 
Ability to gain customer satisfaction (x6) 













Eq.6-1 η = βξ+ εη 
Eq.6-2 x1 = λX1ξ + εX1, x2 = λX2ξ + εX2, x3 = λX3ξ + εX3, x4 = λX4ξ + εX4,             
x5 = λX5ξ + εX5, x6 = λX6ξ + εX6, x7 = λX7ξ + εX7, x8 = λX8ξ + εX8 
Obtains more competitive price from suppliers/subcontractors (y1) 
Procures materials on a global basis (y2) 
Improves the quality of construction services and products (y3) 
Attracts repeat business from clients (y4) 
Improves construction delivery speed (y5) 
Coordinates delivery requirement to meet clients’ need on a 
global basis (y6) 
Assembles effective business teams (including suppliers & 
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Eq.6-3 y1 = λy1η + εy1, y2 = λy2η + εy2, y3 = λy3η + εy3, y4 = λy4η + εy4,              
y5 = λy5 η + εy5, y6 = λy6 η + εy6, y7 = λy7 η+ εy7 
Ability to work independently (x8) 
λX8 εX7 
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between constructs and their corresponding observed variables is modelled in a 
reflective mode.  
 
In the PLS approach, the parameter estimation are based on the ability to minimize 
the residual variance of dependent variables through a three-stage iterative 
estimation algorithm (Wold, 1966; 1975). The three-stage iterative process is as 
follows (Lohmoller, 1989): 
(i) Stage 1 consists of an iterative scheme of simple or multiple regressions that 
estimates weights and constructs’ scores. Based on a random start matrix of 
initial outside approximation, first inner weights are estimated, followed by an 
inside approximation. Next, the outer weights are determined and followed by 
an outside approximation. This process continues until convergence is 
obtained as illustrated in Figure 6.6 (a) and (b) using the information from 
Figure 6.5. 
(ii) In stage 2, factor loadings and path relations are estimated using OLS 
regression in which each dependent variable in the model (either constructs 
or observed variables in reflective mode) is regressed on its respective 
independent variables (i.e., other constructs). 
(iii) In stage 3, the means and location parameters of the constructs and 
observed variables are estimated. 
 
The new weights obtained in Stage 1 provide an exact linear combination of the 
observed variables for forming the construct score (i.e., outside relation) which is not 
only maximally correlated with its own set of indicators, but also correlated with other 
constructs (i.e., inner relation) in accordance with the proposed structural model 
(Chin and Newstead, 1999). Upon convergence being obtained, a least square 
criterion is used to estimate all parameters in the models in both Stages 2 and 3. This 
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Figure 6.6 (a) Stage 1 estimation algorithm of PLS with description 
 
Lohmoller (1989) however pointed out that, in the PLS algorithm, preference has 
always given to minimising the residuals on observed variables due to the governing 
assumption that theories are softer (less precise, less developed) than empirical 
observations. In this case, preference is given to the data and the measurement 
models (outer relations) by staying as close to data as possible while investigating 
the specified relationships between constructs (inner relations). This leads to 
optimizing the prediction of the constructs’ score that necessarily requires 
Initial outside approximation 
The constructs’ scores for ξ and η are initially approximated by the weighted sum of 
their corresponding observed variables (i.e., x1, x2, x3,..., x8 and y1, y2, y3,...,y7) 
through the use of random values for the weights to initiate the iterations. The 
weights, in individual iteration, are scaled to obtain unit variance for the constructs’ 
scores over the number of datasets obtained. In this process, the component 
scores of ξ and η are derived based on the weighted sum of their corresponding 
observed variables (i.e., ωx1, ωx2, ωx3,..., ωx8 and ωy1, ωy2, ωy3,..., ωy7). 
Perform inside approximation 
Use constructs’ scores from previous outside approximation to calculate weights 
of constructs whereby a proxy estimate is created based on the structural 
relationship between ξ and η (i.e., Eq. 1); thus a new weighted sum of η is 
obtained during this process. 
Perform outside approximation 
Use the proxy estimate obtained from previous step to obtain the values of ξ and 
η.These values are used in OLS regressions to solve Eq.2 and 3 in obtaining new 
weights for the observed variables. During the regression process for Eq.2, 
variances (εX1, εX2, εX3,..., εX8) are minimized in an attempt to obtain new weights 
(λX1, λX2, λX3,..., λX8) for the observed variables (x1, x2, x3,..., x8) that form the new 
score for ξ. Similarly, this process takes place in Eq.3 where a new score is 
obtained for η. 
Convergence 




deemphasizing parameter estimation between constructs since prediction and 
parameter accuracy cannot be optimized simultaneously (Wold, 1982). 
 
 
 Figure 6.6 (b) Stage 1 estimation algorithm of PLS with equations 
 
In sum, the statistical functions involved in the execution of the PLS algorithm are: (i) 
confirmatory factor analysis; (ii) path analysis; and (iii) bootstrapping. These functions 
will be examined in turn next. 
 
6.4.3.1 Confirmatory factor analysis 
Confirmatory factor analysis (CFA), or the measurement modelling technique, is 
typically used in a deductive mode to test hypotheses about the relations among a 
set of observed variables (Hoyle, 2000). As a result, the interrelations among 
variables within a CFA model (or measurement model) are specified upfront based 
on theoretical assumptions rather than revealed through an inductive or discover-
oriented mode. Although CFA can be used as a sole statistical strategy, it is best 
understood as an instance of a SEM technique in which a useful distinction is made 
between the measurement model and the structural model (see Figure 6.5). The 
Initial outside approximation (assumed weight relations) 
ξ = ωx1x1 + ωx2x2 + ωx3x3 + ωx4x4 + ωx5x5 + ωx6x6 + ωx7x7+ ωx8x8 
η = ωy1y1 + ωy2y2 + ωy3y3 + ωy4y4 + ωy5y5 + ωy6y6 + ωy7y7  
Inside approximation - Structural model (inner relation) 
Eq.6-1 η = βξ + εη 
Outside approximation - Measurement model (outer relations) 
Eq.6-2 x1 = λX1ξ + εX1, x2 = λX2ξ + εX2, x3 = λX3ξ + εX3, x4 = λX4ξ + εX4, 
x5 = λX5ξ+ εX5, x5 = λX6ξ + εX6, x7 = λX7ξ+ εX7, x8 = λX8ξ+ εX8 
Eq.6-3 y1 = λy1η + εy1, y2 = λy2η + εy2, y3 = λy3η + εy3, y4 = λy4η + εy4, 
y5 = λy5 η + εy5, y6 = λy6 η + εy6, y7 = λy7 η + εy7 
Adjustment using the 
relationships (obtain 
new weights) 
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measurement model concerns the relations between individual constructs and their 
respective block of measurement items. It is known as the outer relation.  
 
A part of the measurement model (i.e., Eq. 6-2) shown in Figure 6.5 is extracted here 
as Figure 6.7 to provide an overview of the CFA. The single-headed arrows suggest 
the causal or predictive relationships, and it can be seen that each measurement 
item is affected by two unmeasured influences. They are: (i) the causal influence that 
one shares with other measurement items, emanating from the construct (the large 
ellipse in Figure 6.5) and (ii) the distinct causal influence emanating from the 





Figure 6.7 Path diagram of a single construct  
 
Based on the above diagram, the causal relationships are translated directly into 
statistical form through a set of measurement equations given below: 
xi = λXiξ + εXi        Eq. 6-2 
x1 = λX1ξ + εX1        Eq. 6-2a 
x2 = λX2ξ + εX2         Eq. 6-2b 
x3 = λX3ξ + εX3         Eq. 6-2c 
x4 = λX4ξ + εX4         Eq. 6-2d 
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Ability to perform a diverse range of tasks and responsibilities 
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x5 = λX6ξ + εX6         Eq. 6-2f 
x7 = λX7ξ + εX7         Eq. 6-2g 
x8 = λX8ξ + εX8         Eq. 6-2h 
 
 
For each measurement equation, the variability in the ith (i = 1,…,8) measurement 
item is an additive function of ith differentially weighted factor, λXiξ (where ξ is the 
construct score), and ith unique factor (or measurement error), εXi. Parameter 
estimates of these direct effects are called weights, and they are generally 
interpreted as regression coefficients that may be in unstandardized or standardized 
form.  
 
Associated with the parameter estimate is a standard error, and the ratio of the 
unstandardized estimate to its standard error provides a test of whether the estimate 
significantly differs from zero, using the t-test analysis. In this way, the statistical 
power of each individual measurement items can be established based on the t-
statistic  evaluated against the standard one-tailed criterion (i.e., 1.68, 2.43 and 3.30 
for p < .05, .01 and .001, respectively). These t-statistics corresponding to the p-
values are based on 500 bootstrapping runs used to obtain estimates of standard 
errors of the parameter estimates. Nevertheless, any removal of insignificant or 
inconsistent measurement item is subjected to a set of rules-of-thumb that take into 
consideration the findings from other related analysis functions. These include the 
Cronbach’s alpha reliability test and exploratory factor analysis, which will be 
examined in the construct validation process.  
 
6.4.3.2 Path analysis 
The structural model in SEM concerns the directional relations between constructs 
(i.e., inner relation). Path analysis (PA) is an extension of the multiple regression 
modelling technique. It is used in SEM to examine the depicted relationships 
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between constructs. Streiner (2005) pointed out that, despite its previous name of 
‘causal modelling’, PA cannot be used to establish causality or even to determine 
whether a specific model is correct; it can only determine whether the data are 
consistent with the model. Rather, it is the design of a study that establishes the 
causality, but not its analysis. This explains why Wilkinson and the Task Force on 
Statistical Inference (1999) emphasized that the use of SEM computer programs 
“rarely yield any results that have any interpretation as casual effects”(p.600).   
 
Going beyond the traditional regression analysis, the PA allows for the analysis of 
more complicated models. In particular, it can examine situations in which there are 
several final dependent variables and those in which there are ‘chains’ of influence, 
for example, variable A influences variable B, which in turn affects variable C. 
However, the crucial aspect in specifying a PA model is the directionality of the 
presumed relationships between constructs. Streiner (2005) highlighted that the 
major criterion for having paths between constructs is the theoretical justification for 
their inclusion. He added that often changing the direction of an arrow, or even a 
series of arrows, may result in models that are statistically equivalent. However, it is 
beyond the scope of this study to test the specified PLS model by changing the 
directionality of presumed relationships between constructs. 
 
In this study, the directional paths drawn between the identified constructs in the PLS 
model specification (see Figures 6.3 and 6.4) are based on the substantive literature 
review and preliminary interview findings with experienced experts in the Singapore 
construction industry. A total of 14 structural equations were formed in this study (see 
Tables 6.2 and 6.4), representing the inner relations among the constructs 
indentified. Using the Eq. 6-1 in Figure 6.5 as an example: 
η = βξ+ εη        Eq. 6-1 
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where β is the path coefficient linking the employees’ skills and behaviour, ξ, to 
supply chain capabilities, η, and the residual variance at this structural level is 
assumed to reside in εη. Here, β is the standardized regression weight, identical to 
the β weight of a multiple regression model. Its sign should correspond to what the 
model predicts and be statistically significant. The issue now is how to determine the 
significance of the path coefficient, β. Similar to the CFA, an in-built bootstrapping 
technique in the SmartPLS2.0 M3 software was used to estimate the standard errors 
of the path coefficients, which, in turn, determine the t-statistics for proposition 
testing.  
 
6.4.3.3 Bootstrapping technique 
Like the jack-knifing technique, the bootstrapping technique primarily concerns the 
reliability of results across samples drawn from a population. This technique was 
originated in the late 1970s by Efron Bradley, a well-known statistician, who 
proposed a non-parametric bootstrap procedure that re-samples ‘data with 
replacement’ from an original sample. Due to its flexible characteristics, the Efron’s 
(1979; 1982) bootstrap procedure can be used to estimate the sampling distribution 
of any statistics, following either a parametric or non-parametric procedure. For 
example, if the distribution of the sample data from which the bootstrap samples are 
drawn is unknown, then the procedure is considered as non-parametric. On the other 
hand, if it is known, then the procedure is considered as parametric. 
 
Similar to many conventional parametric statistical procedures, the bootstrapping 
technique is also based on a sampling distribution (Efron, 1982). However, in 
bootstrapping, the sampling distribution is developed by a re-sampling process of a 
random sample obtained instead of extracting successive samples repeatedly from a 
  260 
population (i.e., the jack-knifing technique). Basic steps of the bootstrap re-sampling 
procedure are given as follows (Efron, 1979; 1987): 
(i) Generate a bootstrap sample (sub-sample) randomly with replacement from 
the original sample or the full data set; 
(ii) Compute the bootstrap sample statistics (i.e., average and median of the 
bootstrap sample) and save them;  
(iii) Repeat step (ii) for K times to obtain K bootstrap samples; 
(iv) Compute the bootstrap estimates (i.e., the sample averages and the average 
of sample averages); and 
(v) Compute the standard deviation of the bootstrap estimates (i.e., the bootstrap 
standard error).  
 
Through the above procedure, the underlying principle of the bootstrapping technique 
is to generate multiple sub-samples from the pool of data collected, and then draw 
inferences about the corresponding population and its parameters. According to 
Tinsley and Brown (2000), the bootstrap estimate is an estimate of the population 
statistic and its standard deviation is an estimate of the population standard error. 
They added that the bootstrap distribution can be used: (i) to estimate a range of 
confidence intervals and (ii) to test null hypotheses about the value of the test 
statistic in a population.  
 
Based on the above reasons, the bootstrapping technique is adopted in this study 
because the sampling distribution of a target population (i.e., Singapore contractors) 
is either indeterminate or difficult to obtain empirically (Bone et al., 1989; Tinsley and 
Brown, 2000). It is an in-built procedure in the SmartPLS2.0 M3 software. 
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6.4.4 Construct validation process 
In addition to the statistical functions, this section examines the construct validation 
process involved in the PLS modelling attempt. According to Anderson and Gerbing 
(1988), this process is a prerequisite in the PLS modelling technique, concerning the 
adequacy of individual sets of measurement items in capturing their corresponding 
constructs by assessing the internal consistency, convergent validity and discriminant 
validity of constructs specified.  This view is shared by Schwab (1980) who pointed 
out that the construct validation process is a fundamental requirement in studies 
involving the use of theories to explain certain phenomena. In this case, the 
contingency, organizational learning, resource-based and complexity theories are 
adopted in explaining organizational flexibility.  
 
According to O’Leary-Kelly and Vokurka (1998), the construct validation process 
comprises three basic steps as shown in Figure 6.8. Descriptions of the individual 
steps are as follows. 
(i) Content validity, which is also known as face validity, is a step that involves 
the identification of corresponding groups of measurement items that are 
thought to measure individual constructs. Its emphasis is on the adequacy 
with which the domain of the characteristics of individual constructs is 
captured by the respective groups of measurement items identified (Churchill 
and Iacobucci, 2005). 
(ii) Construct validity is a step that establishes the extent to which the items 
identified measure their corresponding constructs (Schwab, 1980). To 
establish construct validity, a series of empirical tests are used to examine the 
properties of the measurement items, namely: (i) uni-dimensionality; (ii) 
reliability; and (iii) validity. 
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(iii) Nomologial validity, which is also known as substantive validity, is a step that 
involves the determination of the extent to which a construct relates to other 
constructs in a predictable manner (Schwab, 1980; Venkatraman, 1989). Its 




Figure 6.8 Construct validation process  
Source: O’Leary-Kelly and Vokurka, 1998 
 
As shown in Figure 6.8, it is clear that the ability to correctly identify significant 
relationships among constructs depends on the ability of measurement items to 
adequately capture the attributes of their corresponding constructs. In this study, 
Step 1 - the content validity - has been addressed during the measurement 
instrument development stage (see Section 5.4). These involved: (i) the specification 
of constructs’ domain using multiple-item measures (i.e., a minimum of three items 
were developed for each construct identified); (ii) the generation of samples of 
measurement items based on literature searches and in-depth interviews; and (iii) the 
pilot-testing of the measurement instrument based on inputs from 12 industry 
practitioners. Likewise, the testing of structural relationships between individual 
constructs. i.e., Step 3 (or path analysis), has been discussed in Section 6.4.2.2. 
Thus, the emphasis here is on Step 2 of the construct validation process. That is, 
assessing the adequacy of the measurement items of individual constructs (i.e., the 
measurement models) in terms of their uni-dimensionality, reliability and validity.  
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Figure 6.9 shows that the construct validation process in this study was governed by 
two main assessment approaches. They are: (i) the classical validation approach 
(i.e., Cronbach’s alpha and exploratory factor analysis), and (ii) the contemporary 
validation approach (i.e., confirmatory factor analysis). It is not uncommon to find 
studies using both exploratory factor analysis and confirmatory factor analysis to 
evaluate their measurement models, especially in instances where the number of 
measurement items that underlie a construct has not been firmly established within 
the research context (Kaynak, 2003; Wang and Li, 2007). Given the exploratory 
nature of this study, the classical approach plays a complementary role in exploring 
the pattern of relationship between measurement items and their corresponding 
constructs, and thus assesses the dimensionality of blocks of measurement items 
within their corresponding constructs. The contemporary approach was then 
employed to further confirm the composition of individual constructs. Details of the 
analytical techniques, comprising both the classical and contemporary validation 
approaches, are examined in accordance with the tests illustrated in Figure 6.9. 
 
 
Figure 6.9 Methods of construct validation 
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6.4.4.1 Internal reliability  
For the multiple-item approach, Churchill (1979) defined internal reliability as the 
extent to which independent measurement items, designed to measure the same trait 
of a construct, correlate among one another. In this situation, internal reliability can 
be seen as the degree to which individual multiple-item scales produce consistent 
and stable scores based on a series of repeated tests (Cronbach, 1970). That is, a 
higher level of correlation among measurement items provides a greater confidence 
in the measurement obtained. 
 
The Cronbach’s alpha reliability test in SPSS16.0 software was used to examine the 
internal reliability of individual constructs identified in this study. This method involves 
deriving an index (i.e., the alpha coefficient) that ranges from 0 to 1, signifying the 
estimated systematic variance of individual constructs (Peter, 1979; O’Leary-Kelly 
and Vokurka, 1998). The alpha coefficient is based on the correlations among 
measurement items of corresponding constructs. A high alpha coefficient indicates 
that the measurement items of a construct are highly correlated, and vice versa 
(Pedhazur and Schmelkin, 1991).  
 
However, it is noted that there is no general consensus on the acceptable value of an 
alpha coefficient in assessing the internal consistency level of a construct. For 
example, Nunnally (1978) pointed out that an alpha value of below 0.70 is not 
acceptable. Despite this assertion, O’Leary-Kelly and Vokurka (1998) noted that 
many studies still quoted the earlier position taken by Nunnally (1967) that an alpha 
value of less than 0.50 is acceptable for exploratory research; especially when a low 
alpha value (for example, value < 0.50) was obtained in a particular study. With 
respect to this study, a threshold value of 0.70 was adopted to determine the internal 
consistency level of the constructs identified, following Nunnally (1978).  
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For a multi-dimensional construct comprising a large pool of measurement items that 
could be divided into different dimensions (for example, the organizational flexibility is 
a three-dimension construct), an item-to-total correlation analysis (i.e., a branch of 
the Cronbach’s alpha reliability test) was used to evaluate the reliability of the 
measurement obtained (Churchill, 1979). This process involves calculation of (i) 
Cronbach’s alpha coefficients for each dimension and (ii) item-to-total correlations in 
identifying inconsistent measurement items in individual dimensions. Here, an 
additional step is required to determine the Cronbach’s alpha coefficient of the multi-
dimensional constructs on the whole (i.e., the reliability of linear combination), using 










σσ∑ ∑−−=             Eq. 6-4 
 
This formula requires only the variance of the linear combination (rYY), the variance of 
the individual measurement items ( 2iσ ) in the linear combination, and the estimates 
of each measurement items’ reliability (rii), where 2Yσ is the variance of the sum of the 
individual measurement items involved. These figures are obtainable in the 
Cronbach’s alpha reliability analysis in SPSS for the calculation of the reliability of 
linear combination. Similarly, the threshold value of 0.70 is applied to the reliability of 
linear combination score.  
 
The item-to-total correlation, on the other hand, is calculated for the subscale and 
whole scale of multi-dimensional constructs. The subscale is calculated based on the 
data of individual dimensions of respective constructs, while the whole scale is 
calculated based on the data obtained within respective constructs, i.e., combining 
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the data of various dimensions within individual constructs. Similarly, the respective 
subscale and whole scale of item-to-total correlation are obtainable in the reliability 
analysis in SPSS. According to Nunnally (1978), measurement items with item-to-
total correlation scores less than 0.30, for both subscale and whole scale, are 
considered as inconsistent. He pointed out that deleting these inconsistent items may 
considerably increase the Cronbach’s alpha coefficient of individual dimensions of 
corresponding constructs. In this study, the removal of any insignificant or 
inconsistent measurement item(s) is subjected to a set of rules of thumb (see Section 
6.5.4) that take into consideration the findings from all related analysis in the 
construct validation process.  
 
There are alternative tests in assessing internal reliability of constructs, i.e., test-
retest and alternative forms methods (O’Leary-Kelly and Vokurka, 1998). These two 
methods are unfeasible in this study because they require at least two rounds of data 
collection at different points in time for assessing the reliability of constructs. It is very 
difficult to obtain the data needed as highlighted in Section 6.3.2.  
 
Turning to the confirmatory factor analysis (CFA) in the contemporary validation 
approach, the composite reliability index obtained from the CFA in PLS can be used 
to assess the internal reliability of measurement items of individual constructs. It 
follows that a high level of the composite reliability index indicates high internal 
reliability, and vice versa. The suggested threshold value of 0.70 by Hair et al. (1998) 
is adopted in this study in identifying any inconsistent measurement item(s).  
 
6.4.4.2 Uni-dimensionality 
As shown in Figure 6.9, both exploratory factor analysis and CFA were used in 
establishing the uni-dimensionality of constructs. In general, factor analysis is a 
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collection of models for explaining the correlations among variables in terms of more 
fundamental entities called ‘factors’ (Cudeck, 2000). The application of factor 
analysis in this study, however, is descriptive in nature. The goal is to summarize 
complicated patterns of correlations between observed variables into a simpler 
explanatory framework, i.e. the concept of uni-dimensionality. In this capacity, the 
method is typically referred to an exploratory factor analysis (EFA).  
 
Uni-dimensionality involves establishing whether a set of empirical measurement 
items relates to an underlying construct (Gerbing and Anderson, 1988; O’Leary-Kelly 
and Vokurka, 1998). In order to be considered as uni-dimensional, measurement 
items must satisfy the following conditions (Hair et al., 1998): (i) they must be 
significantly related to their corresponding constructs; and (ii) they must be related to 
one and only one construct. For instance, a measurement item of the ‘supply chain 
capabilities’ construct must be related only to the ‘supply chain capabilities’ variable 
and not other constructs.  
 
In EFA, a ‘factor’ is a construct or latent variable that is essentially outside of 
measurement. Organizational flexibility, for example, is a factor that is not actually 
measured. Rather it is thought to be superordinate to a set of particular collection of 
observed variables or measurement items being used to study it. In this study, 
organizational flexibility is a multi-dimensional construct that may comprise 15 
measurement items, which could be further categorized into: (i) operational flexibility; 
(ii) tactical flexibility; and (iii) strategic flexibility (see Sections 3.6.1.3 and 3.8). Here, 
the EFA model was used to confirm the factor structures (or dimensions) among the 
measurement items in order to assess the proposed dimensionality of the construct. 
Generally, measurement items with good measurement properties should exhibit 
higher factor loadings on their pertinent factors (or dimensions), i.e., measurement 
items should exhibit small loadings on factors that they are not designed to measure. 
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Comrey (1973) suggested that factor loadings of 0.45 – 0.54, 0.55 – 0.62, 0.63 – 
0.70 and >0.70 are considered as fair, good, very good and excellent, respectively. 
Therefore, a measurement item with a factor loading of less than 0.45 is considered 
as an inconsistent item in this study. 
 
Two criteria were used in determining the number of factor structures (or dimensions) 
in the EFA, namely (Cudeck, 2000): (i) eigenvalues greater than unity; and (ii) scree 
test. For the former, the correct number of factor structures equals the number of 
eigenvalues that are greater than unity. The other interpretation of eigenvalues is as 
generalized measures of variance contained in a set of measurement items (Green 
and Carroll, 1976). For example, an eigenvalue of 2.62 explains 26.2% of the total 
variance contained in a set of measurement items. As with the eigenvalues greater 
than unity procedure, the scree test involves a plot of the ordered eigenvalues. The 
process follows a visual inspection of the graph from the smaller to the larger 
coefficients, checking for a break in magnitude. Here, the number of factor structures 
should be decided by the number of eigenvalues that are of appreciable size 
compared to the others in the distribution. For example, a break in magnitude 
between the third and fourth eigenvalues dictates that three factor structures seem 
plausible. Both criteria are best viewed as complementary in determining the number 
of factor structures. 
 
Unlike the classical technique using EFA, CFA contains inferential statistics (i.e., t-
statistic) that allows for hypothesis testing on the uni-dimensionality of a set of 
measurement items (see Section 6.4.3.1). This leads to a stricter and more objective 
interpretation of uni-dimensionality than does EFA. 
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6.4.4.3 Convergent and discriminant validities 
Generally, construct validity refers to the extent to which a measurement instrument 
truly measures the constructs which it purports to measure (Peter, 1979). According 
to Campbell and Fiske (1959), two components (i.e., convergent and discriminant 
validities) must be considered when establishing the validity of a measure. 
Convergent validity refers to the correlation between different measurement items 
purporting to measure the same construct (Peter and Churchill, 1986; Crocker and 
Algina, 1986). Discriminant validity, on the other hand, refers to the extent to which 
individual constructs are unique and not simply reflections of other constructs 
(Churchill, 1979; Bagozzi et al., 1991). This means that a construct cannot correlate 
highly with other constructs from which it is supposed to differ within the same model. 
If their correlations are too high, this indicates that the constructs are not actually 
capturing a distinct or isolated trait (Churchill and Iacobucci, 2005).   
 
These two validity components capture some of the aspects of the goodness of fit of 
measurement models, i.e., how well measurement items relate to their corresponding 
constructs when using the SEM technique (Gefen and Straub, 2005). An acceptable 
level of both types of validities indicates that each measurement item correlates 
strongly with the one construct it purports to measure, while correlating insignificantly 
with other constructs (Gefen and Straub, 2005). 
 
Consistent with EFA, measurement items with good measurement properties should 
exhibit higher factor loadings (i.e., greater than 0.45) on their pertinent factors (or 
dimensions) in CFA. In this case, statistically significant high factor loadings (p-value 
> 0.05 based on t-test) of a particular set of measurement items indicate a high 
convergent validity (Anderson and Gerbing, 1988).  
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The second measure in CFA for assessing the convergent validity of constructs is the 
average variance extracted (AVE). According to Fornell and Larcker (1981), AVE 
represents the overall amount of variance in the measurement items accounted for 
by individual constructs, and is a more conservative measure than the composite 
reliability index. They suggested that the AVE value of individual constructs should 
be at least 0.50 in order to be considered as acceptable. Apart from its capacity to 
assess the convergent validity of measures, the AVE could also be adopted to 
evaluate the discriminant validity of individual constructs.   
 
According to Hulland (1999), when using PLS, one criterion for adequate discriminant 
validity is that individual constructs should share more variance with their 
corresponding measurement items than they share with other constructs. In order to 
establish discriminant validity, the square root of the AVE value of a construct should 
be higher than the correlations between the construct and other constructs in the 
model (Fornell and Larcker; 1981; Fornell and Cha, 1994). This assessment is 
tabularized into a correlation matrix that includes the correlation between different 
constructs in the lower left off-diagonal elements of the matrix, and the square roots 
of AVE values calculated for individual constructs are placed along the diagonal. In a 
case where adequate discriminant validity is established, the value of the diagonal 
elements will be significantly greater than the off-diagonal elements in the 
corresponding rows and columns (Hulland, 1999).  
 
In this study, the above three measures (i.e., EFA, AVE and square root of AVE) 
were adopted to assess the convergent and discriminant validities of constructs. 
However, it is noted that the other method suggested by O’Leary-Kelly and Vokurka 
(1998), that is the multitrait-multimethod matrix method, was considered 
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inappropriate because it requires application of different data collection methods (for 
example, different informants or different instruments). 
 
6.4.4.4 Removal of inconsistent measurement items 
The removal of any inconsistent or insignificant measurement item(s) is subjected to 
a set of rules that take into consideration the findings from both the classical and 
contemporary validation approaches. Table 6.7 shows the set of rules adopted in this 
study.  
 
Table 6.7 Rules on removal of inconsistent measurement items  
Cronbach’s alpha, item-to-total 
correlation, reliability of linear 
combination score 
Exploratory factor analysis 
(EFA) 
Confirmatory factor analysis 
(CFA) 
• Constructs and their factor 
structures (or dimensions) 
with Cronbach’s alpha 
coefficient that less than 0.70 
(Nunnally, 1978) are 
considered as lack of internal 
consistency. 
• Factor structures (or 
dimensions) of individual 
constructs that account for 
variance less than 1 (Kaiser’s 
(1960) rule of eigenvalue) 
are not considered. 
• Constructs and their factor 
structures (or dimensions) with 
a composite reliability index 
less than 0.70 (Hair et al., 
1998) are considered lack of 
internal consistency. 
• Measurement items with a 
threshold level that less than 
0.30 in their item-to-total 
scores, for both subscale 
and whole scale (Nunnally, 
1978) are considered 
inconsistent. 
• Individual factor structures 
should have at least three 
measurement items that load 
highly on them (Norusis, 
2007) in order to retain 
specific individual factor 
structures. 
• Measurement items with factor 
loading that less than 0.45 
(Comprey, 1973) are 
considered inconsistent, 
indicating a low level of 
convergent validity. 
• Reliability of linear 
combination scores of multi-
dimensional constructs 
should exceed the threshold 
value of 0.70 in order to 
retain specific multi-
dimensional constructs. 
• Measurement items with a 
factor loading that less than 
0.45 (Comprey, 1973) are 
considered inconsistent, 
indicating low convergent 
validity.  
• Individual measurement item’s 
t-statistic should be significant 
at least at the p < 0.05 level as 
an acceptable gauge for 




• Individual constructs with AVE 
value that less than 0.50 
(Fornell and Larcker, 1981) are 
considered unacceptable, 
indicating low convergent 
validity. 
  • The square root of the AVE 
value of a construct should be 
higher than the correlations 
between the construct and 
other constructs in the model 
in order to establish adequate 
discriminant validity (Fornell 
and Larcker; 1981). 
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6.4.5 Evaluating structural models in PLS 
While the focus of the construct validation process is on the evaluation of 
measurement models in the PLS modelling, the predictive power of the structural 
model is evaluated by examining the amount of variance accounted for by the 
predictor (independent) constructs, i.e., the coefficient of determinant, R2 for each 
predicted (dependent) construct. The R2 or variance explained is presented in the 
SmartPLS2.0 M3 as part of its reporting of results. The rules proposed by Falk and 
Miller (1992) for evaluating the R2 in PLS models were adopted in this study as 
follows.  
(i) A predictor construct that explains less than 1.5 percent of the variance in a 
predicted construct should be eliminated and the model re-estimated (or 
known as model trimming). This leads to elimination of arrows or paths, 
followed by the recalculation of the model, which is seen as the most 
inductive approach to model trimming and may be justified from a grounded 
theory perspective (Falk and Miller, 1992). The following equation is used to 
obtain the percentage of variance in a predicted construct accounted for by 
each predictor construct (i.e., PVexplained): 
PVexplained = (β x r) x 100      
  
where β and r are the path coefficient and correlation between predictor and 
predicted constructs, respectively.   
 
(ii) The R2 or variances explained for predicted constructs should be ≥ 0.10 as 
recommended by Falk and Miller (1992). This indicates that 10% or more of 
the variance in predicted constructs is accounted for by the predictor 
constructs. They pointed out that a R2 of less than 0.10, even if statistically 
significant, is uninformative and substantially meaningless. Similar to the 
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situation when 10% variance is accounted for and many variables are 
required to achieve the 10%, the hypothesized relationships are 
uninformative.  
 
(iii) The significance of R2 or variances explained for all predicted constructs is 












F        
where: (i) m is the number of predictor constructs; (ii) N is the number of 
respondents; and (iii) F-test statistic is distributed as F-distribution with 
degrees of freedom m and (N-m-1). The hypothesis test follows that if the 
calculated F-test statistic exceeds the critical value (at α = 0.05), one can 
reject the null hypothesis that the R2 or variances explained for all predicted 
constructs are equal to zero. 
 
Using the above rules as criteria, the two specified structural models in Section 6.4.2 
were evaluated prior to the interpretation of results. A successful model has to meet 
all the criteria.   
 
6.5 Moderator analysis approach 
In an attempt to examine the moderating effects of environmental turbulence (i.e. 
market and technological conditions) on the relationships between firms’ resources-
based determinants and organizational flexibility, the PLS product-indicator approach 
recommended by Chin et al. (1996; 2003) was adopted in this study. Before 
proceeding to the justification for choosing this approach over the others in this study, 
the general problems in moderator analysis are first examined.  
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6.5.1 General problems in moderator analysis  
In construction research, it is noted that both regression and analysis of variance 
(ANOVA) are the most commonly-used techniques to examine interacting effects 
between independent and dependent variables (Tay and Morgan, 2002). However, 
these techniques often assume the single-item measures used are absolutely reliable 
(i.e., error free), and thus they lead to an inability to handle or present information 
about the impact of measurement error (Chin et al., 2003). In an attempt to 
compensate for this deficiency, multiple items are often generated and then 
combined into summated or averaged scales in a moderated regression or ANOVA 
analysis. In performing this analysis, the reliability of each scale is assessed by the 
Cronbach’s alpha reliability test that assumes equal weighting for individual items 
within a summated scale.  
 
Despite the advantage of using multiple-item over single-item measures in seeking 
for improved reliability, it is important to note that the generation of summated or 
averaged scales has incorporated at least two assumptions for which construct 
validity cannot be adequately assessed. These are (Chin et al., 2003): 
(i) treating all items as equal in their reliabilities, and thus they contribute equally 
towards the estimation of the interaction effects being considered; and   
(ii) assuming the reliability of generated summated scales remains identical 
when subsequently applied in a theoretical model. However, this assumption 
may not be true since the reliability estimate of generated summated scales 
for individual constructs is executed separately from the theoretical model in 
which it is to be subsequently applied. For instance, in most cases, data are 
first processed through the EFA and Cronbrach’s alpha reliability analysis, 
before they are applied in a regression model. Through the two disintegrated 
processes, the reliability of each generated summated scale is unlikely to 
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remain identical. As a result, maximal efficient fit between data and the 
theoretical model is less likely to occur.   
 
In an attempt to resolve the accounting problem of measurement error in moderator 
analysis, Kenny and Judd (1984) proposed a product-indicator approach that uses 
the LISREL algorithm to examine interaction effects between constructs.  However, 
this approach has progressively attracted criticisms for being too demanding and 
ineffective in that a large sample size and advanced programming knowledge are 
required for assessing a relatively large structural model (Bollen and Paxton, 1998; Li 
et al., 1998).  
 
Having noted the complications of both the traditional moderator analysis and 
LISREL product-indicator approach, Chin et al. (1996; 2003) developed a product-
indicator approach using the PLS algorithm to examine interaction effects between 
constructs. According to them, the PLS product-indicator approach: (i) can provide a 
more accurate estimate of interaction effects by considering measurement errors 
within measures, and (ii) is less restrictive than the LISREL product-indicator 
approach, in terms of sample size requirement and sampling distribution.  
 
Indeed, the PLS product-indicator approach has been widely accepted in the field of 
information system and marketing research (Compeau and Higgins, 1995), and is 
gaining its popularity among construction researchers (Aibinu et al., 2008). Among 
studies that have used the PLS product-indicator moderating approach, Wang and Li 
(2007) have confirmed the feasibility and ability of the PLS product-indicator 
approach in examining the moderating effects of environmental turbulence on 
relationships between manufacturing firms’ core competences, strategic flexibility and 
customer-focused performance.  
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6.5.2 Justification for using the PLS product-indicator approach  
Justification for using the PLS product-indicator moderating approach in this study 
are now presented (Chin et al., 1996; 2003).  
(i) The PLS approach allows the modelling of structural paths (i.e., inner 
relations) and measurement paths (i.e., outer relations between constructs 
and their corresponding observed variables) simultaneously. Furthermore, the 
PLS algorithm treats individual indicators (i.e., observed variables) separately, 
and allows each indicator to vary in the amount of its influence on the 
composite score of individual constructs rather than assuming equal weight 
for all indicators of a summated scale. During this process, indicators with 
weaker relationships to other related indicators and to their corresponding 
constructs are given lower weightings, and these varied weightings are 
carried forward through to an assessment of the estimates. Based on these, 
the PLS product-indicator approach is superior over other moderated 
techniques such as: (a) a regression analysis using single-item measures that 
assumes error free measurement; (b) a regression analysis using multiple-
item measures (i.e., summated scales) that assumes equal-weighted 
measurement; and (c) a factor-score based regression analysis that assumes 
constrained measurement error within the estimates of variables. 
(ii) The PLS product-indicator approach is developed as an integral technique 
that requires no additional specification of parameter constraints or 
assumptions of multivariate normal distribution. Also, it can be used to 
estimate large complex structural models with standard errors estimated via 
the bootstrapping technique.  
 
The above justification strengthens the selection of the PLS modelling technique not 
only on the moderating analysis, but also the entire estimation process of this study. 
The procedure of the PLS product-indicator approach is examined next. 
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6.5.3 Procedure of the PLS product-indicator approach  
This section provides a general description on the procedure of this approach in 
examining interacting effects among moderator, predictor and predicted constructs. 
Figure 6.10 shows an example of a moderated model comprising moderator, 
independent, dependent and interaction constructs. Each of the moderator, predictor 
and predicted constructs contains three reflective indicators (i.e., measurement 
items). Product indicators (i.e., X1Z1, X1Z2, X1Z3,…,X3Z3) reflecting the interaction 
construct (X*Z) are generated by multiplying the standardized scores of individual 
indicators from the predictor and moderator constructs. Each set of indicators 
reflecting their underlying constructs is then used to estimate their moderating effect 
of Z on the relationship between X and Y in PLS.   
 
Figure 6.10 A moderated model with predictor, moderator and predicted variables  
Adapted from Chin et al., 2003 
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Another important point to note, when performing the product-indicator analysis, is 
the use of standardized or centered indicators of corresponding predictor and 
moderator constructs. According to Smith and Sasaki (1979), standardizing or 
centering indicators helps to avoid computational errors by lowering the correlation 
between the product indicators and their individual components (for example, the 
correlation between X1, and X1Z1). With this process, it allows an easier interpretation 
of the resultant regression weight, β, for the predictor variable at which the β 
indicates the effect expected at the mean value of the moderator variable that is set 
at zero (Chin et al., 2003). As highlighted in Section 6.5, all indicators in this study 
are standardized to a mean of zero and variance of one for the purposes of SEM 
modelling since standardization is preferred over centerization for PLS under a 
reflective mode for all constructs (Chin et al., 2003; Wang and Li, 2007).  
 
To facilitate the interpretation of results obtained from the PLS product-indicator 
analysis, a two-stage hierarchical process was adopted in this study. Stage 1 
concerns the ‘main effect’ model, i.e., the model without the interaction construct. 
Using the information from Figure 6.9, the path coefficient, βp of the predictor 
construct (X) on the dependent construct (Y) indicates the amount of influence of X 
on Y when only the moderator construct (Z) is present. In the Stage 2 of the 
moderating process, a moderated model is formed with the inclusion of the 
interaction construct. The path coefficient, βi, of the interaction variable (X*Z) 
indicates a beta effect change of X on Y from βp to βp + βi when Z is present. The 
overall size for the interaction effect, f2 can be assessed by applying the squared 
multiple correlation (R2) values for the moderated model and the main effect model 
into the following equation (Cohen, 1988): 
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RRf         Eq. 6-7 
 
 
According to Cohen (1988), the f2 values of 0.02, 0.15 and 0.35 are considered as 
small, moderate and large interaction effects, respectively. In relation to this, Chin et 
al. (2003) take the view that a small f2 value does not necessarily imply an 
unimportant effect. According to them, a small interaction effect can be meaningful if 
the resultant changes in β estimates are found to be statistically significant under 
extreme moderating conditions.  
 
6.6 Summary 
Taking into consideration the nature of sample data of this research, a partial least 
square (PLS) approach (a component-based structural equation modelling (SEM) 
technique) was chosen over other statistical modelling techniques. The PLS 
approach is a second-generation multivariate technique that combines both 
econometric and psychometric perspectives in statistical modelling attempts. Two 
PLS models (i.e., Figures 6.3 and 6.4) on organizational flexibility were specified 
corresponding to the second and third research objectives of the study. The details of 
the modelling approach are covered in separate sections including: the estimation 
process, the required construct validation processes and the model evaluation 
process, and the moderating process in examining the moderating effects of 
environmental turbulence (i.e., market conditions and technological conditions) on 
the relationships between the key determinants (i.e., firms’ resources, capabilities 
and strategies) and organizational flexibility. The subsequent chapter sets out the 
results of the construct validation processes, both classical and contemporary, of the 
two specified PLS models. 
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This chapter presents the research results that help to address the first research 
objective, i.e., design and test a conceptual framework for organizational flexibility in 
construction firms. Before proceeding to the results reporting, the sample profile of 
interviewees and response rate are first examined (Section 7.2) in an attempt to 
establish the trustworthiness of the sample data. This is followed by the results of 
both the classical (Section 7.3) and contemporary (Section 7.4) validation processes, 
that provide confidence of reliability and validity of constructs (i.e., measurement 
models) needed for the subsequent modelling attempts. Standard deviation of 
measurement items of respective constructs are also discussed (Section 7.5). The 
last section presents the conclusion drawn for the respective hypothesis testing of 
the study (Section 7.6).  
 
7.2 Sample profile and response rate 
A total of 41 face-to-face interviews were conducted with key personnel of the 
targeted construction firms. There are 34 local and 7 foreign firms with their firm age 
ranging from 14 years to 81 years old (at the end of 2008) in the sample involved.  Of 
these, 17 are from Group A1, 12 are from Group A2 and the remaining are Group B1 
contractors. This represents a response rate of 45% (i.e., 41 out of 91 contractors), 
which appears both representative and reasonable. It should be noted that no 
conscious effort was made to exclude the seven foreign construction firms in the 
sample involved because the interviewees acknowledged that their firms are 
localized with independent profit centre. Table 7.1 summarizes the general 
information about the interviewees’ firms. 
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Table 7.1 General information of interviewees’ firms 
Description  Frequency % of interviewees
Age of firm   
<16 years 2 4.9% 
16 - 30 years 23 56.1% 
>30 years 16 39.0% 
Mean  30 years  
Median 30.5 years  
Average annual turnover   
<S$50 million 14 34.1% 
S$50 – S$99 million 11 26.8% 
S$100 - $199 million 13 31.7% 
>S$199 million 3 7.4% 
Mean S$86.7 million  
Median S$70 million  
Size of workforce (supervisory staff and above)   
<50 10 24.4% 
51-100 12 29.3% 
101-200 12 29.3% 
201-500 4 9.7% 
>500 3 7.3% 
Mean 152 staff  
Median 85 staff  
 
It can be seen from Table 7.1 that the majority (65.9%) of the firms had an average 
annual turnover of ≥ S$50 million over the study period 1997 - 2007. Corresponding 
to this, the average annual turnover of individual firms was computed via averaging 
the inputs given by individual interviewees in Question 1.4 of the questionnaire (see 
Appendix C). Based on this data, the overall mean value of S$86.7 million was 
obtained with a median of S$70 million.  
 
For the size of firms’ workforce, it is noted that 24 (58.5%) out of the 41 large-and 
medium-sized companies interviewed have a workforce size ranging from 51 – 199. 
In this case, only supervisory staff and above are included in the workforce size 
calculation (see Section 4.4). Other employees at lower levels (for example, clerks 
and junior staff) are excluded from this study because they are considered as 
administrative staff who may have little or no involvement in decision making, and do 
not partake in sharing business information (following Lewin, 2003).  
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The next issue to consider is the characteristic of the interviewees in an attempt to 
establish the trustworthiness of information given. As shown in Table 7.2, all the 
interviewees are from senior management levels including managing directors, 
directors, general managers and senior contract managers who are key decision 
makers in their organizations. Also, it is noted that they have extensive working 
experience in the Singapore construction industry, ranging from 15 to 40 years. An 
average working experience of 25.4 years with a standard deviation score of 5.8 was 
obtained, indicating that most interviewees have at least 20 years of working 
experience in the Singapore construction industry. Based on this information, their 
views may be noteworthy and reliable.  
 
Table 7.2 Characteristics of the interviewees 
Description  Frequency Percentage 
Designation   
Director (i.e., managing director, executive director) 18 43.9% 
General manager 6 14.6% 
Senior manager (e.g., assistant general manager and senior 
project manager) 
17 41.5% 
Years in the Singapore construction industry   
1 - 15 years 1 2.4% 
16 - 30 years 32 78.0% 
>30 years 8 19.5% 
Mean  25.4 years  
Median 25 years  
 
In order to preserve anonymity, individual interviewees were assigned a code starting 
with a ‘S’ letter and followed by the numbering from 1 to 41 (i.e., S1,…,S41). This 
coding is designed to facilitate (i) development of the organizational flexibility indices 




7.3 Results of classical validation approach 
Having discussed the profile of interviewees and their companies, this section 
examines the adequacy of measurement items of individual constructs via statistical 
measures. These include the Cronbach’s alpha reliability test (see Section 6.4.4.1) 
and exploratory factor analysis (EFA) (see Sections 6.4.4.2 and 6.4.4.3). The 
categorization of eight constructs that forms the basis for the construct validity and 
assessment exercise is shown in Table 7.3. It can be seen that half of the number of 
constructs are multi-dimensional with the expected number of factor structures (i.e., 
the number of dimensions) ranging from two to four. Corresponding to this, EFA was 
initially conducted to determine the dimensionality of the ‘organizational structure’ 
and ‘technological capabilities’ constructs (as highlighted in Sections 4.3.5 and 
4.5.4). It was found that these two constructs are single-dimensional in this study, as 
shown in Table 7.3. Overall, there is a total of 76 measurement items.  
 
Table 7.3 Categorization of constructs 
Item Constructs Expected no. of factor 
structures 
No. of measurement 
items 
1 Organizational learning culture (X1) 3 10 
2 Organizational structure (X2) 1 4 
3 Employees’ skills and behaviour (X3) 1 8 
4 Technological capabilities (X4) 1 7 
5 Supply chain capabilities (X5) 1 7 
6 Business strategies (X6) 4 16 
7 Environmental conditions (Z) 2 9 
8 Organizational flexibility (Y) 3 15 
 
 
Table 7.4 summarizes the (i) Cronbach’s alpha coefficients, (ii) item-to-total 
correlation scores, (iii) reliability of linear combination scores, and (iv) factor loadings 
of all measurement items within their corresponding dimensions and constructs. The 
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factor loadings from the EFA are included here to provide overall results of the 
classical validation approach that facilitate the subsequent discussion. It should also 
be noted that, if there is any removal of inconsistent measurement item (see Section 
6.4.4.4), two sets of scores are reported in Table 7.4 for the above four statistical 
tests. In this case, the values in parenthesis show the relevant scores of individual 
measurement items before removal of inconsistent measurement items. Also, the 
inconsistent measurement items that have been removed are italicized and marked 
with asterisk (*) sign. 
 
















X1: Organizational learning culture construct  
[Reliability of linear combination = 0.875)   
CL: Commitment to learning  [Cronbrach’s alpha = 0.726]    
CL1 Employees’ training and learning are seen as investment 
rather than expenses  
0.565 0.491 0.754 
CL2 Performance mistakes are seen as opportunities for learning 
and development 
0.494 0.394 0.817 
CL3 Our ability to learn is the key towards our firm’s success in 
response to changes within the industry 
0.613 0.599 0.749 
SV: Shared vision and value [Cronbrach’s alpha = 0.811]    
SV1 Our firm encourages brainstorming sessions among 
employees to share new ideas 
0.566 0.531 0.717 
SV2 Our firm provides support to employees to reach 
organizational goals  
0.674 0.654 0.771 
SV3 Employees are constantly informed on the firm’s business 
objectives   
0.677 0.452 0.866 
SV4 Employees’ involvement in charting the direction of the firm 
is the key toward our firm’s success 
0.602 0.532 0.724 
O: Open-mindedness [Cronbrach’s alpha = 0.829]    
O1 Our firm encourages participative decision making among 
employees 
0.71 0.48 0.844 
O2 Our firm promotes open communication among  
subordinates and superiors 
0.671 0.706 0.743 
O3 Our firm adapts freely to changes within the industry without 
much concern to past practices and management practices 
0.705 0.368 0.894 
X2: Organizational structure construct [Cronbrach’s alpha = 0.833 (0.739)]   










OS3 Our firm has an open communication channel with flexible 





OS4* Our firm adopts a loose & informal control which depends 
on informal relationship and norms of cooperation for 
getting work done 

















X3: Employees’ skills and behaviour construct [Cronbrach’s alpha = 0.833(0.746)]  
ESB1 Our employees have the ability to adopt an open mindset to 











ESB3* Our employees have the ability to travel overseas on 
assignments for an extended period 
 (0.429) (0.348) 
ESB4 Our employees have the ability to learn and adapt to 





ESB5 Our employees have the ability to perform a diverse range 











ESB7* Our employees have the ability to perform highly 
sophisticated tasks 
 (-0.128) (-0.323) 




X4: Technological capabilities construct [Cronbrach’s alpha = 0.906]   
IT1 Ability to communicate and share real time information 
among supply chain parties regardless of geographic 
dispersion   
 0.794 0.791 
(0.794) 
IT2 Ability to communicate and share real time information 
among all decision makers and employees regardless of 
geographic dispersion  
 0.787 0.789 
(0.783) 
IT3 Ability to retrieve information, i.e., regarding past/existing 
projects, from the company database in a timely manner 
regardless of geographic dispersion  
 0.692 0.781 
(0.759) 
IT4 Ability to disseminate information and link similar 
information, providing decision makers with the most up-to-
date and accurate information regarding changing 
environmental contingencies  
 0.785 0.884 
(0.879) 
PT1 Ability to adopt different construction process technologies 
(e.g., construction methods and materials) to satisfy clients’ 
requirements  
 0.724 0.793 
(0.807) 
PT2 Ability to apply different process technology software (e.g. 
,estimating and purchasing software) to improve firm’s 
operational process  
 0.630 0.712 
(0.734) 
PT3 Ability to lead in process technology innovation (e.g., 
computer aided program in analyzing indoor thermal 
condition) to gain competitive advantage  
 0.632 0.711 
(0.719) 
X5: Supply chain capabilities construct [Cronbrach’s alpha = 0.788(0.719)]   
SC1* Ability to obtain more competitive prices from suppliers/ 
subcontractors  
  (0.141)  (0.253) 


















SC6 Ability to coordinate delivery requirement to meet clients’ 





SC7* Ability to assemble effective business teams (including 





















X6.1: Main business strategies construct  (see Section 7.3.1.2 for  further explanation) 
[Reliability of linear combination = 0.812 (0.606)]  
CLS: Cost leadership [Cronbrach’s alpha = 0.737]    








B10 Setting limits on project size so that any failure of one 





















RLS: Risk leadership [Cronbrach’s alpha = 0.733(0.454)]     








B6* Bidding for projects with low tender prices and tiny/zero 
margins 
(0.145)  (0.044)  (0.347) 
B8 Creating uncommitted financial resources (e.g., setting  







B11 Entering into forward contracts with suppliers & 







X6.2: Supporting business strategies construct (see Section 7.3.2.2 for  further explanation) 
[Reliability of linear combination = 0.817 (0.802)]  
PLS: Product leadership  [Cronbrach’s alpha = 0.723(0.599)]     
B1* Adopting merger and acquisition strategies  (0.013) (0.112) (-0.014) 
B7 Investing on assets that have high liquidity value (e.g., 























CIS: Customer intimacy [Cronbrach’s alpha = 0.761]    
B2 Forming joint-venture with other contractors to serve a 
group of targeted clients 
















Z: Environmental conditions construct   
[Reliability of linear combination = 0.864 (0.862)]    
MC: Market conditions  [Cronbrach’s alpha = 0.748 (0.681)]    






MC2* Changes of clients’ need (0.201) (0.299) (0.232) 
MC3* Unpredictable actions of competitors (0.250) (0.413) (0.273) 


































TCn: Technological conditions [Cronbrach’s alpha = 0.867]   






TCn2 Rapid emergence of new construction process technology 





TCn3 Demand for advanced technological constructed facilities 





Y: Organizational flexibility construct  
[Reliability of linear combination = 0.892 (0.888)]    
OF: Operational flexibility  [Cronbrach’s alpha = 0.825(0.791)]    






F2 Ability to integrate, construct and reshape your firm’s 







F9* Ability of your firm’s construction equipment to be modified 
to suit different operational needs  
(0.359) (0.474) (0.243) 
F10 Ability to construct facilities using different construction 







F11 Ability to make decisions on non-routine and significant 







F14 Ability to integrate your internal functions with external firms 







TF: Tactical flexibility  [Cronbrach’s alpha = 0.783]     
F3 Ability to change the number of employees in your 





















SF: Strategic flexibility  [Cronbrach’s alpha = 0.703 (0.572)]    
F6* Ability to operate effectively in both local and overseas 
markets  
(0.282)  (0.426)  (0.222) 








F12 Ability to exploit a range of procurement options effectively 







F13 Ability to provide a range of construction services (e.g., 







F15 Ability to respond to changes in delivery schedule due to 







Note: * denotes the measurement item has been deleted from the scale; number in ( ) denotes the relevant value 
of the measurement item before its removal.   
 
 
Table 7.4 shows that 11 out of the 76 measurement items were removed in an effort 
to improve the confidence of reliability and validity of individual single- and multi-
dimensional constructs. Justification on the removal is now discussed.  
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7.3.1 Cronbach’s alpha and item-to-total correlation 
The focus of the Cronbach’s alpha (α) and item-to-total correlation tests is on the 
internal reliability of the measurement items of individual constructs (see Section 
6.4.4.1). As shown in Table 7.4, the Cronbach’s alpha coefficients of all dimensions 
of respective multi-dimensional constructs and single-dimensional constructs have 
exceeded the threshold level of 0.70 (Nunnally, 1978) following the removal of 
inconsistent measurement items based on the set of rules in Table 6.2. In this case, 
the reported Cronbrach’s alpha coefficients range from 0.703 to 0.906. Along with 
this, the reliability of linear combination (i.e., overall reliability) scores for all multi-
dimensional constructs are also well above the threshold value of 0.70, ranging from 
0.812 to 0.892. The relatively high values of both the Cronbrach’s alpha coefficients 
and overall reliability scores indicate a high degree of internal reliability within 
individual constructs involved, thus providing a greater level of confidence in the 
reliability of the measurement obtained.  
 
The third and fourth columns of Table 7.4 show the subscale and whole scale 
correlation scores of individual measurement items of respective factors. The item-to-
total correlation analysis was conducted on account of constructs’ dimensionality, 
i.e., single- and multi-dimensionality of constructs involved (see Section 6.4.4.1). In 
the case of multi-dimensional constructs, say the organizational learning culture 
construct, three factor structures are identified: (i) commitment to learning (CL); (ii) 
shared vision and value (SV); and (iii) open-mindedness (O). The subscale score of 
CL was then calculated solely based on the data obtained from its three 
measurement items, i.e., CL1, CL2 and CL3, and the same applies to the other two 
factor structures. For the whole scale scores, all data obtained within the 
organizational learning construct (i.e., all measurement items of CL, SV and O) were 
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collectively used to compute the whole scale score of individual measurement items 
of the organizational learning culture construct. Following the same process, the 
whole scale score of individual measurement items of respective single-dimensional 
constructs were calculated.  
 
As can be seen from Table 7.4, the subscale and whole scale scores corresponding 
to all dimensions of multi- and single-dimensional constructs are well above the 
threshold level of 0.30 (Nunnally, 1978) after the trimming process (see Section 
6.4.4.4). The subscale and whole scale scores range from 0.430 to 0.760 and 0.361 
to 0.794, respectively. Again, this provides strong evidence of internal reliability within 
individual constructs involved.  
 
Based on the satisfactory results of the above three measures, no further removal of 
inconsistent measurement item is required to satisfy the internal reliability of the 
measurement items of both single- and multi-dimensional constructs. Justification for 
removal of inconsistent measurement items, i.e., the italicized items with asterisk (*) 
sign in Table 7.4, are discussed in the following EFA section.  
 
7.3.2 Exploratory factor analysis (EFA) 
In exploring the uni-dimensionality of measurement items of individual constructs, the 
last column of Table 7.4 shows the factor loadings of all measurement items derived 
from the EFA. These results are discussed in two main parts. The first part of the 
discussion focuses on the EFA of the four multi-dimensional constructs: (i) 
organizational learning culture (X1); (ii) business strategies (X6); (iii) environmental 
conditions (Z); and (iv) organizational flexibility (Y). In this case, four sets of EFA 
were conducted independently based on the data of the respective constructs, i.e., 
combining the data of various dimensions of individual constructs (following Wang et 
  290 
al., 2007). It appears reasonable to analyze these multi-dimensional constructs 
independently since their corresponding blocks (i.e., dimensions) of measurement 
items were specified according to their common theoretical underpinning and 
meaning within individual concepts.  
 
Next, the second part of the discussion is on the EFA results of the four proposed 
single-dimensional constructs. They are: (i) organizational structure (X2); (ii) 
employees’ skills and behaviour (X3); (iii) technological capabilities (X4); and (iv) 
supply chain capabilities (X5). Unlike the EFA of the multi-dimensional constructs, 
these constructs were analysed as a group (following Wang et al., 2007). This 
involves combining all data obtained for these four single-dimensional constructs 
when performing the EFA.  
 
The appropriateness of the EFA process for analyzing the multi-dimensional 
constructs independently, while examining the single-dimensional construct as a 
group is further justified based on the test results of the square root of average 
variance extracted (see Section 7.4.3). For consistency, the term “factor” is used in 
this EFA section to denote: (i) respective dimensions of each multi-dimensional 
construct; (ii) individual single-dimensional constructs; and (iii) the term “component” 
used in findings generated by SPSS software.     
 
7.3.2.1 Factor analysis of organizational learning culture (X1)  
In terms of uni-dimensionality, Table 7.5 shows that three factors (i.e., dimensions) 
have met the eigenvalue greater than 1.0 criterion (see Section 6.4.4.4), and this 
finding is further supported by the scree plot in Figure 7.1. This finding agrees with 
Sinkula et al. (1997) that organizational learning culture can be operationalized along 
three dimensions: (i) commitment to learning; (ii) open-mindedness; and (iii) shared 
vision and value.  
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Table 7.5 Total variance explained for organizational learning culture  
Initial eigenvalues 
Factor 
Total % of variance Cumulative % 
1 4.071 40.715 40.715 
2 1.691 16.912 57.627 
3 1.253 12.525 70.152 
4 0.853 8.532 78.684 
Note: Extraction method: principal component analysis 
 
Table 7.5 shows that the identified three factors jointly explain 70.15% of the total 
variance, suggesting that the EFA procedure is appropriate. Of these, the ‘shared 
vision and value’ factor was first identified with an eigenvalue of 4.071, representing 
40.71% of the explained variance. Subsequently, the ‘open-mindedness’ factor was 
identified with an eigenvalue of 1.691, and accounts for 16.91% of the explained 
variance. Lastly, the third factor ‘commitment to learning’ was established with an 
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As can be seen from Table 7.4, all measurement items have loaded considerably on 
their corresponding factors, showing the minimum and maximum factor loadings of 
0.717 and 0.894, respectively. These relatively high factor loadings establish the high 
convergent validity of individual measurement items within the three factors of the 
organizational learning culture construct. Besides this, Table 7.6 shows that all 
measurement items did not cross-load excessively on other factors that they are not 
designed to measure, thus suggesting an adequate level of discriminant validity of 
individual factors. In fact, all the cross-loadings are well below the level of 0.45 (see 
Sections 6.4.4.2 and 6.4.4.4).  
 
Table 7.6 Factor matrix for measurement items of organizational learning culture 
Factor Measurement 
items 1 2 3 
SV1 .717 .301 .044 
SV2 .771 .272 .217 
SV3 .866 -.082 .101 
SV4 .724 -.011 .298 
O1 .080 .844 .167 
O2 .350 .743 .311 
O3 .001 .894 .018 
CL1 .204 .142 .754 
CL2 .065 .025 .817 
CL3 .246 .261 .749 
Note: Bolded factor loadings are similar to those reported in 
Table 7.4. Extraction method: principal component analysis; 
Rotation method: varimax with Kaiser normalization. 
 
7.3.2.2 Factor analysis of business strategies (X6) 
Five factor structures were preliminarily emerged from the EFA based on a total of 16 
measurement items. It was found that the emergence of one additional factor 
structure was primarily due to the presence of two inconsistent measurement items 
with factor loadings (FL) of less than 0.45 (see Table 7.4). They are: (i) B6 - bidding 
for projects with low tender prices and tiny/zero margins (FL=0.347), and (ii) B1 - 
adopting merger and acquisition strategies (FL=-0.014).  
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For the ‘product leadership’ factor, measurement item B1 ‘adopting merger and 
acquisition strategies’ has been removed due to two reasons. First, it is found that 
less than five out of the 41 firms interviewed have adopted the merger and 
acquisition strategies. Second, this strategy has a low factor loading of 0.347, 
indicating its inconsistency within the respective factor.  
 
Turning to the ‘risk leadership’ factor, the removal of measurement item B6 ‘bidding 
for projects with low tender prices and tiny/zero margins’ is supported by the 
interview findings; where all interviewees criticized the detrimental effects of ‘suicidal’ 
bids (see Section 7.3.2.3). This agrees with Oo et al. (2007) who, in their 
experimental comparative study on Hong Kong and Singapore contractors’ bidding 
behaviour, found that Singapore contractors are conscious of the risks associated 
with irrational bidding attempts.  
 
As shown in Table 7.7 and Figure 7.2, four factor structures, which have met both the 
eigenvalues greater than 1 and scree plot criteria, emerged in the EFA retest 
following the removal of the two inconsistent items. In this case, the four factors 
jointly account for 65.63% of the total variance explained. These identified factor 
structures, denoted as factors 1, 2, 3 and 4 in Table 7.7, are related to: (i) firms’ cost 
leadership endeavour; (ii) firms’ customer intimacy endeavour; (iii) firms’ risk 
leadership endeavour; and (iv) firms’ product leadership endeavour, respectively.   
 
Table 7.4 shows, following the removal of the two inconsistent items, that the 
remaining 14 measurement items have loaded highly on their respective factors with 
loadings ranging from 0.657 to 0.837. The loadings obtained are well above the cut-
off value of 0.45 (see Section 6.4.4.4), indicating a high degree of convergent validity 
of measurement items. Also, the factor loadings of individual measurement items are 
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reproduced in Table 7.8 in an attempt to establish the discriminant validity of 
individual dimensions. It can be seen that all measurement items of respective 
factors did not cross-load excessively (all cross-loadings <0.45) on other factors that 
they are not purported to measure, thus indicating an acceptable level of discriminant 
validity.  
 
Table 7.7 Total variance explained for business strategies  
Initial eigenvalues 
Factor 
Total % of variance Cumulative % 
1 3.135 22.391 22.391 
2 2.996 21.403 43.794 
3 1.624 11.598 55.392 
4 1.434 10.242 65.634 
5 0.888 6.342 71.976 




Figure 7.2 Scree plot for business strategies 
 
Apart from the above, it should be noted that the ‘business strategies’ construct was 
restructured into two smaller-scaled constructs (see Table 7.4), namely: (i) main 
business strategies (X6.1) and (ii) supporting business strategies (X6.2). The former 









customer intimacy and product leadership initiatives. The restructuring was induced 
by the item-to-total correlation analysis, and was conducted in a two-stage process.  
 
Table 7.8 Factor matrix for measurement items of business strategies 
Factor Measurement 
items 1 2 3 4 
B9 .783 -.115 .046 -.025 
B10 .706 .142 .167 -.019 
B14 .762 -.151 .373 -.075 
B15 .755 .105 -.012 -.012 
B2 .115 .657 -.064 .250 
B3 .147 .795 .158 .211 
B4 -.183 .804 .008 -.122 
B13 -.030 .738 .031 .123 
B5 .065 .013 .803 -.092 
B8 .078 .168 .766 .079 
B11 .283 -.071 .780 .017 
B7 .076 .022 -.359 .762 
B12 .028 .304 .247 .755 
B16 -.227 .134 .057 .837 
Note: Bolded factor loadings are similar to those reported in Table 7.4. 
Extraction method: principal component analysis; Rotation method: varimax 
with Kaiser normalization. 
 
In the initial item-to-total correlation analysis, it was found that the item-to-total 
correlation scores obtained for all measurement items of both firms’ cost and risk 
leadership initiatives were below the threshold value of 0.30 (see Section 6.4.4.4) if 
all 14 measurement items were considered under a single construct, i.e., the 
business strategies construct. Noting this effect, these 14 items were subsequently 
categorized into the two smaller-scaled constructs as highlighted in Table 7.4. It 
appears that the restructuring process has improved the overall reliability of the 
constructs involved in terms of the item-to-total correlation and reliability of linear 
combination scores (see Table 7.4). For example, the item-to-total correlation scores 
for all measurement items of both firms’ cost and risk leadership factors have 
improved from the previous scores range of 0.044 - 0.624 to 0.378 – 0.699, following 
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the restructuring process and the removal of inconsistent measurement items. All 
these establish the uni-dimensionality of the respective factors within the two 
constructs.  
 
7.3.2.3 Factor analysis of environmental conditions (Z) 
The EFA for the environmental conditions construct involves the removal of two 
inconsistent items from the ‘market-conditions’ dimension: (i) MC2 - changes of 
clients’ need (FL= 0.232) and (ii) MC3 - unpredictable actions of competitors (FL = 
0.273). Their removals are justified by the low factor loadings obtained (FLs < 0.450) 
and the majority of interviewees, who indicated that they were not affected by items 
‘MC2’ and ‘MC3’ during the study periods 1997 – 2007, even though Singapore’s 
construction industry underwent eight years of unprecedented economic downturn 
from 1997 to 2005. Many interviewees pointed out that clients’ need for residential, 
industrial, commercial and institutional buildings remain static. This may also be 
explained by the small physical size of Singapore.  
 
The inconsistency of item MC3 ‘unpredictable actions of competitors’ can be 
explained in relation to contractors’ resourcefulness in obtaining tender information. 
In practice, contractors have access to the likely number and identities of their 
competitors through the ‘site show round’ exercise (Betts and Brown, 1992) and 
personal contacts, for example, the concrete suppliers or piling subcontractors who 
usually submit quotations to a group of contractors competing for the same particular 
project. Hitherto, the ‘site show round’ exercise is still practiced in the Singapore 
construction industry (Oo et al., 2007) where all interested contractors are invited at 
the same time to inspect a particular project site. Some interviewees commented that 
many contractors would rather spend more time counting and identifying their 
competitors than inspecting the site during this exercise.  
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The Singapore government procures construction services through the GeBIZ 
website and publishes tender results (known as tender schedules). Participants can 
access information such as names of all participating bidders and their bid prices, 
and the name of the winning contractor together with the awarded contract sum for 
particular public projects. Through these avenues, contractors could roughly identify 
their closest potential competitors for subsequent public tenders of a similar nature, 
and use their past behaviour to predict their bidding behaviour.  
 
For the private sector contracts, the interviewees shared the view that Singapore 
contractors who ‘try hard enough’ can find out their competitors’ bid prices. Some 
interviewees added that bid cutting is practised in the private sector. Shortlisted 
contractors are asked to lower their bid prices to that of the lowest bidder during the 
tender evaluation stage. However, many contractors pointed out that the element of 
‘unpredictable actions of competitors’ is becoming less applicable in the industry 
because many companies that made ‘suicidal bids’ had already gone into liquidation 
during the 1997-2005 economic downturn.   
 
Following the removal of the two inconsistent items, Table 7.9 and Figure 7.3 show 
that two factors, which emerged in the EFA retest, have met both the eigenvalues 
greater than 1 and scree plot criteria (see Section 6.4.4.4). In this case, factors 1 and 
2 represent technological conditions and market conditions, respectively (see Table 
7.9) and jointly account for 68.622% of the total variance explained. From Table 7.4,  
it can be seen that all measurement items of the ‘technological conditions’ and 
‘market conditions’ factors have loaded considerably on the factor that they are 
supposed to measure with factor loadings ranging from 0.706 to 0.880. This indicates 
a high level of convergent validity, and further establishes the uni-dimensionality of 
individual factors within the ‘environmental conditions’ construct.    
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Table 7.9 Total variance explained for environmental conditions 
Initial eigenvalues 
Factor 
Total % of variance Cumulative % 
1 3.404 48.635 48.635 
2 1.399 19.987 68.622 
3 0.757 10.821 79.444 
Note: Extraction method: principal component analysis 
 
   
 
 
Figure 7.3 Scree plot for environmental conditions  
 
Table 7.10 shows the factor matrix for the environment conditions construct. It 
appears that all measurement items of the respective factors did not cross-load 
excessively (all cross loadings <0.45) on the other factor, indicating a high level of 
discriminant validity.   
 
Table 7.10 Factor matrix for measurement items of environmental conditions 
Factor  Measurement 








Note: Bolded factor loadings are similar to those reported in 
Table 7.4. Extraction method: principal component analysis; 










7.3.2.4 Factor analysis of organizational flexibility (Y)  
For the organizational flexibility construct, four factors initially emerged in the EFA. 
This however differs from the proposed dimensionality of the organizational flexibility 
construct specified in Chapter 4. It is noted that the fourth factor surfaced due to the 
presence of two inconsistent items: (i) F6 - the ability of your firm to operate 
effectively in both local and overseas markets, and (ii) F9 - the ability of your firm’s 
construction equipment to be modified to suit different operational needs. While items 
F6 and F9 loaded highly on the fourth factor (i.e., F6 and F9 have the corresponding 
factor loadings of 0.769 and 0.703), the option of combining these two items under a 
single factor appears not viable. This is because: (i) this combination does not 
possess common theoretical underpinning, and (ii) it does not meet the criterion 
established in Table 6.7, i.e., individual factors should comprise at least three 
measurement items (see Section 5.4.1). 
 
The preliminary EFA shows that, apart from the fourth factor, both items F6 and F9 
have loaded on the corresponding ‘strategic flexibility’ and ‘operational flexibility’ 
factors, but with low factor loadings of 0.222 and 0.243 (see values in parenthesis in 
Table 7.4). All these suggest the need to remove both items F6 and F9 in an attempt 
to improve the uni-dimensionality of the individual dimensions within the 
organizational flexibility construct. Further justification for the removal of items F6 and 
F9 is given below.  
 
The removal of item F6 is in some way supported by Dulaimi and Tan (2001), who 
found that Singapore contractors were not interested in overseas ventures due to the 
high risk involved. In this study, less than one-third of the interviewees’ firms had 
ventured overseas during the study period 1997 – 2007. This group of contractors 
noted that their overseas venture have not been successful due to the lack of 
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government support in their global operations. This agrees with Dulaimi and Tan’s 
(2001) findings that: (i) Singapore contractors are not self-reliant in their overseas 
venture, and (ii) the Singapore government policies may not be effective in enabling 
construction firms to be world class contractors. All these attest that the item F6 ‘the 
ability of your firm to operate effectively in both local and overseas markets’ is less 
applicable in the context of the Singapore construction industry.  
 
All interviewees pointed out that item F9 is less applicable in the context of the 
Singapore construction industry. Most interviewees shared the view that equipment 
and machinery used in the construction industry are relatively standardized, rarely 
requiring any special modification to suit different operational needs. Some 
interviewees pointed out that if special-purpose equipment and machinery are 
required, they would rather rent them from vendors than modify their existing 
equipment or buy new machines to suit their one-off needs. This agrees with Dulaimi 
and Hong’s (2002) findings that Singapore contractors are highly reliant on leasing 
rather than buying their own equipment and machinery in performing their works. 
They found that about 30% of the respondents leased 50% to 75% of the 
construction equipment used.   
 
Following the removal of the two inconsistent items (i.e. F6 and F9), the EFA retest 
showed that three factors have satisfactorily met the eigenvalue greater than 1 and 
scree plot criteria (see Table 7.11 and Figure 7.4), and jointly account for 59.84% of 
the total variance. Correspondingly, factors 1, 2 and 3 represent: (i) operational 






Table 7.11 Total variance explained for organizational flexibility 
Initial eigenvalues 
Factor 
Total % of variance Cumulative % 
1 4.562 35.092 35.092 
2 1.704 13.109 48.201 
3 1.513 11.635 59.836 
4 0.987 7.589 67.425 
Note: Extraction method: principal component analysis 
   
 
Figure 7.4 Scree plot for organizational flexibility  
 
As noted from Table 7.4, all measurement items of the respective dimensions (i.e., 
operational flexibility, tactical flexibility and strategic flexibility) have loaded highly on 
the factor that they are designed to measure. The corresponding minimum and 
maximum factor loadings for the 13 measurement items of 0.532 and 0.827 are well 
above the cut-off value of 0.45. This indicates a high degree of convergent validity of 
measurement items, and further attests the uni-dimensionality of the three identified 
dimensions within the organizational flexibility construct  
 
In an attempt to establish the discriminate validity of measurement items within their 
corresponding factors, Table 7.12 shows the loadings of all measurement items 
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measurement items on other factors are well below 0.45, indicating an acceptable 
degree of discriminant validity of the measurement items of respective factors within 
the organizational flexibility construct.   
 
Table 7.12 Factor matrix for measurement items of organizational flexibility 
Factor  Measurement 
items 1 2 3 
F1 .766 .071 .165 
F2 .799 .219 -.149 
F10 .675 .117 .344 
F11 .700 .051 .365 
F14 .708 .294 .168 
F3 .167 .767 .141 
F4 -.015 .809 .078 
F7 .158 .621 .217 
F5 .309 .800 -.002 
F8 .228 -.007 .650 
F12 .016 .179 .827 
F13 .309 .194 .532 
F15 .083 .106 .713 
Note: Bolded factor loadings are similar to those reported in Table 7.4. 
Extraction Method: principal component analysis; Rotation Method: varimax 
with Kaiser normalization. 
 
7.3.2.5 Factor analysis of single-dimensional constructs 
Having discussed the factor analyses of multi-dimensional constructs, the focus here 
is on the EFA of the single-dimensional constructs identified. These include: (i) 
organizational structure (X2), (ii) employees’ skills and behaviour (X3); (iii) 
technological capabilities (X4); and (iv) supply chain capabilities (X5). All 
measurement items of these four single-dimensional constructs were analyzed as a 
group (see Section 7.3.2). Instead of the proposed four, seven factors were detected 
in the preliminary EFA.  It is noted that the three additional factors surfaced due to 
the presence of five inconsistent measurement items with loadings of less than 0.45 




Two inconsistent items were identified in the ‘employees’ skills and behaviour’ 
construct. They are: (i) ESB3 - our employees have the ability to travel overseas on 
assignments for an extended period (FL = 0.348) and (ii) ESB7- our employees have 
the ability to perform highly sophisticated tasks (FL = -0.323) (see Table 7.4). 
Following the removal of item F6 from the organizational flexibility construct (see 
Section 7.3.2.4), in which it was established that it is not important for firms to 
operate effectively in both local and overseas markets, it follows that item ESB3 is 
less relevant to Singapore contractors. Hence, item ESB3 was removed from the 
‘employees’ skills and behaviour’ construct.  
 
Next, item ESB7 was found less viable because most interviewees shared the view 
that they do not require their employees to perform highly sophisticated tasks in their 
business operation, but rather to be adaptive and able to multi-task. They explained 
that construction is a sophisticated production process that requires teamwork for 
successful completion, rather than one which relies on the ability of an individual to 
perform highly sophisticated tasks. 
 
Turning to the ‘organizational structure’ construct (X2), item OS4 ‘our firm adopts a 
loose and informal control which depends on informal relationship and norms of 
cooperation for getting work done’ was found not viable. As can be seen from Table 
7.4, item OS4 has a factor loading of 0.305, which is far below the cut-off value of 
0.45. This can partly be explained by the variety and uniqueness of the output of 
construction firms that require a wide range of intermediate activities. Integration of 
these activities will demand an extra effort, in terms of internal monitoring and 
coordination, for which a formal control mechanism has to be put in place to minimize 
the associated costs, especially since contractors will normally work within a multi-
project environment. A group of interviewees expressed their concerns on collusion 
among employees and subcontractors/suppliers in relation to the lack of formal 
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organizational control mechanisms, and suggested that ‘good’ and ‘right’ controls are 
key towards effective business management.  
 
The remaining two inconsistent items resided in the ‘supply chain capabilities’ 
construct (X5). They are: (i) SC1 - ability to obtain more competitive prices from 
suppliers and/or subcontractors (FL = 0.253), and (ii) SC7- ability to assemble 
effective business teams to provide one-stop services for clients (FL = 0.148). In this 
case, both the factor loadings are well below the threshold value of 0.45, indicating 
the inconsistency of items SC1 and SC7.  
 
Although SC1 appears sensible in contributing positively towards a contractor’s 
supply chain capabilities, most interviewees pointed out that their regular 
subcontractors and/or suppliers are often being asked to match the prices which their 
competitors offer instead of obtaining more competitive prices from them. They 
explained that there is always price competition in the supply market, among 
subcontractors and suppliers within their own trades, and it is therefore not 
necessary that their regular subcontractors and/or suppliers offer them more 
competitive prices.  
 
Similarly, item SC7 ‘firms’ ability to assemble effective business teams to provide 
one-stop services for clients’ was removed because interviewees shared the view 
that it is less applicable in the Singapore construction industry in which the traditional 
design-bid-construct system predominates (see Section 2.5). Therefore, the demand 
for one-stop services for building procurement is relatively low. However, it is noted 
that a small group of the interviewees had provided one-stop services for clients in 
design-and-build contracts.  
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Upon the removal of the five inconsistent items (i.e., ESB3, ESB7, OS4, SC1 and 
SC2), four factors, corresponding to the four single-dimensional constructs, were 
identified during the EFA retest, and collectively accounted for 65.03% of the total 
variance explained (see Table 7.13 and Figure 7.5). Correspondingly, these four 
factors represent: (i) technological capabilities (X4); (ii) employees’ skills and 
behaviour (X3); (iii) supply chain capabilities (X5); and (iv) organizational structure 
(X2). From Table 7.4, it can be seen that the factor loadings of all measurement 
items of the respective factors are well above the threshold value of 0.45. In this 
case, the obtained factor loadings range from 0.567 to 0.884, indicating a relatively 
high degree of convergent validity of measurement items within the respective 
factors. This further establishes the uni-dimensionality of the respective factors.   
 
Table 7.13 Total variance explained for single-dimensional constructs 
Initial eigenvalues 
Factor 
Total % of variance Cumulative % 
1 5.952 28.341 28.341 
2 3.396 16.172 44.512 
3 2.265 10.787 55.299 
4 2.043 9.729 65.029 
5 0.992 4.724 69.753 
Note: Extraction method: principal component analysis 
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As for the testing of discriminant validity, Table 7.14 shows that measurement items 
of respective factors did not cross-load on other factors which they are not designed 
to measure. All cross-loadings obtained are well below 0.45. This means that 
measurement items are distinctive enough to capture the characteristics of their 
corresponding factors. As a result, an adequate level of discriminant validity is 
achieved among the measurement items of respective factors.   
 
Table 7.14 Rotated component matrix for all single-dimensional construct  
Factor Measurement 
items 1 2 3 4 
IT1 .791 .104 .311 -.157 
IT2 .789 .126 .181 -.254 
IT3 .781 .113 -.020 .004 
IT4 .884 -.013 -.054 -.063 
PT1 .793 .116 .144 -.034 
PT2 .712 -.063 .258 -.008 
PT3 .711 .192 .069 .033 
ESB1 -.080 .774 -.102 .201 
ESB2 .164 .841 .101 .105 
ESB4 .127 .719 .245 .173 
ESB5 -.089 .721 .165 -.102 
ESB6 .247 .567 .281 -.192 
ESB8 .289 .685 -.025 -.015 
SC2 .023 .356 .711 .105 
SC3 .076 -.001 .765 -.248 
SC4 .199 .006 .680 .085 
SC5 .105 .027 .813 -.024 
SC6 .176 .252 .683 .136 
OS1 -.038 -.032 .103 .882 
OS2 -.048 .151 -.088 .834 
OS3 -.170 .051 .032 .835 
Note: Bolded factor loadings are similar to those reported in Table 7.4. Extraction Method: 
principal component analysis; Rotation Method: varimax with Kaiser normalization. 
 
7.4 Results of contemporary validation approach 
The retained measurement items of individual single- and multi-dimensional 
constructs (i.e., measurement models) in the classical validation procedure formed 
the input to the subsequent contemporary validation procedure, using the 
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confirmatory factor analysis (CFA) in the PLS modelling technique. As highlighted in 
Section 6.4.3.1, the use of the CFA could provide a stricter and more objective 
interpretation of uni-dimensionality than does EFA. In addition, the CFA has its 
application to establish the strength of measurement models via examining the 
internal reliability, and the convergent and discriminant validities of measurement 
models.  
 
Table 7.15 shows the revised categorization of constructs based on the results 
obtained from the classical validation procedure reported in Section 7.3. Similar to 
the classical validation approach, any removal of inconsistent measurement items in 
the CFA is subjected to the rules set in Table 6.7 (see Section 6.4.4.4).  
  
Table 7.15 Revised categorization of constructs 
Item Constructs No. of factors  
(or dimensions) 
No. of measurement 
items 
1 Organizational learning culture (X1) 3 10 
2 Organizational structure (X2) 1 3 
3 Employees’ skills and behaviour (X3) 1 6 
4 Technological capabilities (X4) 1 7 
5 Supply chain capabilities (X5) 1 5 
6 Main business strategies (X6.1) 2 7 
7 Supporting business strategies (X6.2) 2 7 
8 Environmental conditions (Z) 2 7 
9 Organizational flexibility (Y) 3 13 
 
Unlike the discover-oriented nature of EFA, CFA focuses on the theoretical 
specification, i.e., the prescribed relations between constructs, in its entire estimation 
process (see Section 6.4). In this case, the prescribed relations between constructs 
in both PLS M1 and M2 are shown in Figures 6.3 and 6.4, respectively, and these 
relationships are taken into account in the CFA.      
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Tables 7.16 and 7.17 show the corresponding results of the CFA for PLS M1 and M2. 
Each of these tables comprises: (i) the factor loadings and t-statistics of individual 
measurement items; (ii) the composite reliability scores; and (iii) average variance 
extracted values for respective dimensions within their corresponding constructs. 
However, it must be noted that results of the CFA for PLS M1 and M2 are only 
marginally different for the majority of the measurement items and their 
corresponding dimensions. For example, the factor loadings for the measurement 
item CL1 in both PLS M1 and M2 are 0.830 and 0.850, respectively, and the 
differences in both the composite reliability scores (i.e., 0.851 vs. 0.849) and average 
variance extracted values (i.e., 0.655 vs. 0.653) between the two models are as low 
as 0.002. This can be explained in that the preference in PLS is given to minimizing 
the residuals on the observed variables (i.e., measurement items) based on the 
assumption that the theory is softer (less precise, less developed) than empirical 
observations (see Section 6.4). This means that preference is given to the data and 
measurement models (i.e., the outer relations) by staying as close to data as 
possible while investigating the specified relationships between constructs (i.e., the 
inner relations). Results of the CFA for PLS M1 and M2 are jointly discussed in the 
subsequent sections (7.4.1 to 7.4.3) given their close similarity. 
 















(1) (2) (3) (4) (5) (6) 
X1: Organizational learning culture construct      
CL: Commitment to learning     0.851 0.655 
CL1 Employees’ training and learning are seen as 
investment rather than expenses  
0.830 10.028   
CL2 Performance mistakes are seen as opportunities 
for learning and development 
0.765 6.388   
CL3 Our ability to learn is the key towards our firm’s 
success in response to changes within the 
industry 
















(1) (2) (3) (4) (5) (6) 
SV: Shared vision and value    0.853 0.598 
SV1 Our firm encourages brainstorming sessions 
among employees to share new ideas 
0.878 5.266   
SV2 Our firm provides support to employees to reach 
organizational goals  
0.879 5.128   
SV3 Employees are constantly informed on the firm’s 
business objectives   
0.719 3.274   
SV4 Employees’ involvement in charting the direction 
of the firm is the key toward our firm’s success 
0.578 2.322   
O: Open-mindedness    0.894 0.738 
O1 Our firm encourages participative decision 
making among employees 
0.837 5.231   
O2 Our firm promotes open communication among  
subordinates and superiors 
0.918 8.672   
O3 Our firm adapts freely to changes within the 
industry without much concern to past practices 
and management practices  
0.819 5.137   
X2: Organizational structure construct    0.898 0.747 
OS1 Our firm operates in a flexible work procedure 0.868 3.650   
OS2 Our firm adopts a more decentralized decision 
making process 
0.822 3.538   
OS3 Our firm has an open communication channel 
with flexible access to important information for 
decision making 
0.900 3.801   
X3: Employees’ skills and behaviour construct   0.878 0.546 
ESB1 Our employees have the ability to adopt an open 
mindset to all alternatives  
0.686 6.469   
ESB2 Our employees have the ability to work in a team 
environment  
0.846 11.680   
ESB4 Our employees have the ability to learn and 
adapt to different business conditions  
0.774 7.331   
ESB5 Our employees have the ability to perform a 
diverse range of tasks and responsibilities 
0.691 5.862   
ESB6 Our employees have the ability to gain customer 
satisfaction 
0.693 7.797   
ESB8 Our employees have the ability to work 
independently 
0.732 6.780   
X4: Technological capabilities construct    0.924 0.637 
IT1 Ability to communicate and share real time 
information among supply chain parties 
regardless of geographic dispersion   
0.856 5.853   
IT2 Ability to communicate and share real time 
information among all decision makers and 
employees regardless of geographic dispersion  
0.855 6.056   
IT3 Ability to retrieve information, i.e., regarding 
past/existing projects, from the company 
database in a timely manner regardless of 
geographic dispersion  
0.742 4.250   
IT4 Ability to disseminate information and link similar 
information, providing decision makers with the 
most up-to-date and accurate information 
regarding changing environmental contingencies 
0.814 5.026   















(1) (2) (3) (4) (5) (6) 
PT1 Ability to adopt different construction process 
technologies (e.g., construction methods and 
materials) to satisfy clients’ requirements  
0.834 4.879   
PT2 Ability to apply different process technology 
software (e.g., estimating and purchasing 
software) to improve firm’s operational process  
0.766 3.353   
PT3 Ability to lead in process technology innovation 
(e.g., computer aided program in analyzing 
indoor thermal condition) to gain competitive 
advantage  
0.707 4.421   
X5: Supply chain capabilities construct    0.867 0.568 
SC2 Ability to procure materials on a global basis  0.804 10.973   
SC3 Ability to improve the quality of construction 
services and products  
0.763 8.150   
SC4 Ability to attract repeat business from clients 0.628 4.468   
SC5 Ability to improve construction delivery speed 0.772 6.654   
SC6 Ability to coordinate delivery requirement to 
meet clients’ need on a global basis 
0.788 13.036   
X6.1: Main business strategies construct       
CLS: Cost leadership    0.853 0.594 
B9 Implementing stricter financial management on 
company cash flow 
0.757 4.617   
B10 Setting limits on project size so that any failure of 
one project would not endanger the firm’s 
operation 
0.776 4.7612   
B14 Implementing stricter site management to reduce 
material wastage 
0.859 7.505   
B15 Implementing stricter procurement management 0.682 4.381   
RLS: Risk leadership    0.853 0.659 
B5 Bidding for more projects that are within the 
firm’s capabilities 
0.787 4.089   
B8 Creating uncommitted financial resources (e.g., 
setting  aside contingency funds) 
0.802 6.598   
B11 Entering into forward contracts with suppliers & 
subcontractors to protect the firm against cost 
escalation 
0.845 4.268   
X6.2: Supporting business strategies construct      
PLS: Product leadership     0.791 0.570 
B7 Investing on assets that have high liquidity value 
(e.g., general multiple-usage equipment)  
0.939 4.045   
B12 Investing into R & D to further explore business 
opportunities  
0.555 1.744   
B16 Investing surplus funds into financial investments 
and property development 
0.721 2.601   
CIS: Customer intimacy    0.844 0.577 
B2 Forming joint-venture with other contractors to 
serve a group of targeted clients 
0.741 5.476   
B3 Forming partnership with clients 0.869 14.649   
B4 Diversifying into different construction business  0.621 3.592   
















(1) (2) (3) (4) (5) (6) 
Z: Environmental conditions construct       
MC: Market conditions     0.850 0.591 
MC1 Fluctuation of demand for constructed facilities  0.618 2.349   
MC4 Price competition in the construction market   0.868 4.290   
MC5 Intense competition in the construction market 0.859 4.112   
MC6 Fluctuation of supply of construction resources  0.702 2.937   
TCn: Technological conditions   0.914 0.781 
TCn1 Rapid emergence of new information technology 
on business operations 
0.839 3.861   
TCn2 Rapid emergence of new construction process 
technology on business operations 
0.941 6.487   
TCn3 Demand for advanced technological constructed 
facilities (e.g., intelligent building) 
0.868 5.251   
Y: Organizational flexibility construct      
OF: Operational flexibility     0.880 0.594 
F1 Ability to modify your firm’s operational structure 0.798 8.377   
F2 Ability to integrate, construct and reshape your 
firm’s financial resources  
0.699 3.595   
F10 Ability to construct facilities using different 
construction methods and materials  
0.757 12.867   
F11 Ability to make decisions on non-routine and 
significant events which cannot be anticipated in 
advance  
0.821 10.328   
F14 Ability to integrate your internal functions with 
external firms in providing value-added services 
to clients  
0.772 9.311   
TF: Tactical flexibility     0.855 0.597 
F3 Ability to change the number of employees in 
your business operation  
0.748 4.043   
F4 Ability of your firm’s employees to handle multiple
responsibilities  
0.747 4.926   
F5 Ability to add and expand your business capacity 
efficiently  
0.819 6.449   
F7 Ability to adopt a range of alternative logistics 
supports to operations  
0.775 6.843   
SF: Strategic flexibility    0.818 0.530 
F8 Ability to operate effectively and profitably in 
different market conditions  
0.662 4.500   
F12 Ability to exploit a range of procurement options 
effectively (e.g., Design & Build and Construction 
Management) 
0.828 11.749   
F13 Ability to provide a range of construction services 
(e.g., residential construction and property 
maintenance)  
0.728 7.063   
F15 Ability to respond to changes in delivery schedule 
due to unpredictable changes in client 
requirements  
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Table 7.17 Results of confirmatory factor analysis for PLS M2 
Item 
code 











(1) (2) (3) (4) (5) (6) 
X1: Organizational learning culture construct      
CL: Commitment to learning     0.849 0.653 
CL1 Employees’ training and learning are seen as 
investment rather than expenses  
0.855 14.028   
CL2 Performance mistakes are seen as opportunities 
for learning and development 
0.716 5.600   
CL3 Our ability to learn is the key towards our firm’s 
success in response to changes within the 
industry 
0.845 6.783   
SV: Shared vision and value    0.862 0.613 
SV1 Our firm encourages brainstorming sessions 
among employees to share new ideas 
0.851 3.901   
SV2 Our firm provides support to employees to reach 
organizational goals  
0.876 4.226   
SV3 Employees are constantly informed on the firm’s 
business objectives   
0.762 4.215   
SV4 Employees’ involvement in charting the direction 
of the firm is the key toward our firm’s success 
0.616 2.732   
O: Open-mindedness    0.899 0.749 
O1 Our firm encourages participative decision 
making among employees 
0.865 9.830   
O2 Our firm promotes open communication among  
subordinates and superiors 
0.879 12.587   
O3 Our firm adapts freely to changes within the 
industry without much concern to past practices 
and management practices  
0.853 8.956   
X2: Organizational structure construct    0.901 0.752 
OS1 Our firm operates in a flexible work procedure 0.869 5.818   
OS2 Our firm adopts a more decentralized decision 
making process 
0.873 6.378   
OS3 Our firm has an open communication channel 
with flexible access to important information for 
decision making 
0.860 5.472   
X3: Employees’ skills and behaviour construct   0.878 0.547 
ESB1 Our employees have the ability to adopt an open 
mindset to all alternatives  
0.694 6.645   
ESB2 Our employees have the ability to work in a team 
environment  
0.845 8.616   
ESB4 Our employees have the ability to learn and 
adapt to different business conditions  
0.778 7.470   
ESB5 Our employees have the ability to perform a 
diverse range of tasks and responsibilities 
0.694 5.713   
ESB6 Our employees have the ability to gain customer 
satisfaction 
0.696 6.867   
ESB8 Our employees have the ability to work 
independently 















(1) (2) (3) (4) (5) (6) 
X4: Technological capabilities construct    0.926 0.641 
IT1 Ability to communicate and share real time 
information among supply chain parties 
regardless of geographic dispersion   
0.869 23.472   
IT2 Ability to communicate and share real time 
information among all decision makers and 
employees regardless of geographic dispersion  
0.861 15.967   
IT3 Ability to retrieve information, i.e., regarding 
past/existing projects, from the company 
database in a timely manner regardless of 
geographic dispersion  
0.770 9.076   
IT4 Ability to disseminate information and link similar 
information, providing decision makers with the 
most up-to-date and accurate information 
regarding changing environmental contingencies 
0.838 10.366   
PT1 Ability to adopt different construction process 
technologies (e.g., construction methods and 
materials) to satisfy clients’ requirements  
0.801 8.785   
PT2 Ability to apply different process technology 
software (e.g., estimating and purchasing 
software) to improve firm’s operational process  
0.735 6.153   
PT3 Ability to lead in process technology innovation 
(e.g., computer aided program in analyzing 
indoor thermal condition) to gain competitive 
advantage  
0.720 9.648   
X5: Supply chain capabilities construct    0.867 0.568 
SC2 Ability to procure materials on a global basis  0.810 12.209   
SC3 Ability to improve the quality of construction 
services and products  
0.763 8.757   
SC4 Ability to attract repeat business from clients 0.634 4.719   
SC5 Ability to improve construction delivery speed 0.771 6.804   
SC6 Ability to coordinate delivery requirement to 
meet clients’ need on a global basis 
0.778 12.714   
X6.1: Main business strategies construct       
CLS: Cost leadership    0.852 0.591 
B9 Implementing stricter financial management on 
company cash flow 
0.722 3.637   
B10 Setting limits on project size so that any failure of 
one project would not endanger the firm’s 
operation 
0.800 5.362   
B14 Implementing stricter site management to reduce 
material wastage 
0.855 6.733   
B15 Implementing stricter procurement management 0.689 4.777   
RLS: Risk leadership    0.852 0.657 
B5 Bidding for more projects that are within the 
firm’s capabilities 
0.815 6.123   
B8 Creating uncommitted financial resources (e.g., 
setting  aside contingency funds) 
0.796 4.375   
B11 Entering into forward contracts with suppliers & 
subcontractors to protect the firm against cost 
escalation 
0.820 4.488   
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Item 
code 











(1) (2) (3) (4) (5) (6) 
X6.2: Supporting business strategies construct      
PLS: Product leadership    0.845 0.645 
B7 Investing on assets that have high liquidity value 
(e.g., general multiple-usage equipment)  
0.826 2.761   
B12 Investing into R & D to further explore business 
opportunities  
0.770 2.877   
B16 Investing surplus funds into financial investments 
and property development 
0.813 4.164   
CIS: Customer intimacy    0.846 0.582 
B2 Forming joint-venture with other contractors to 
serve a group of targeted clients 
0.665 5.046   
B3 Forming partnership with clients 0.874 23.079   
B4 Diversifying into different construction business  0.702 5.841   
B13 Following clients abroad                        0.793 8.272   
Z: Environmental conditions construct       
MC: Market conditions     0.850 0.591 
MC1 Fluctuation of demand for constructed facilities  0.619 2.706   
MC4 Price competition in the construction market   0.867 4.365   
MC5 Intense competition in the construction market 0.857 4.013   
MC6 Fluctuation of supply of construction resources  0.704 2.911   
TCn: Technological conditions    0.914 0.781 
TCn1 Rapid emergence of new information technology 
on business operations 
0.841 3.750   
TCn2 Rapid emergence of new construction process 
technology on business operations 
0.940 5.098   
TCn3 Demand for advanced technological constructed 
facilities (e.g., intelligent building) 
0.867 4.150   
Y: Organizational flexibility construct      
OF: Operational flexibility     0.880 0.594 
F1 Ability to modify your firm’s operational structure 0.788 5.832   
F2 Ability to integrate, construct and reshape your 
firm’s financial resources  
0.707 3.245   
F10 Ability to construct facilities using different 
construction methods and materials  
0.752 11.104   
F11 Ability to make decisions on non-routine and 
significant events which cannot be anticipated in 
advance  
0.819 9.341   
F14 Ability to integrate your internal functions with 
external firms in providing value-added services 
to clients  
0.784 6.805   
TF: Tactical flexibility     0.854 0.594 
F3 Ability to change the number of employees in 
your business operation  
0.725 3.520   
F4 Ability of your firm’s employees to handle multiple
responsibilities  
0.757 5.432   
F5 Ability to add and expand your business capacity 
efficiently  
0.806 6.156   















(1) (2) (3) (4) (5) (6) 
supports to operations  
SF: Strategic flexibility    0.818 0.530 
F8 Ability to operate effectively and profitably in 
different market conditions  
0.675 4.397   
F12 Ability to exploit a range of procurement options 
effectively (e.g., Design & Build and Construction 
Management) 
0.824 9.209   
F13 Ability to provide a range of construction services 
(e.g., residential construction and property 
maintenance)  
0.731 6.269   
F15 Ability to respond to changes in delivery schedule 
due to unpredictable changes in client 
requirements  
0.672 3.949   
 
7.4.1 Composite reliability 
Composite reliability scores are used to assess the internal reliability of measurement 
models (see Section 6.4.4.1). It can be seen that the composite reliability scores of 
all individual constructs in both PLS M1 and M2 are above the threshold level of 0.70 
(Hair et al., 1998), suggesting a high level of internal reliability for the constructs 
involved (see third column of Tables 7.16 and 7.17). The corresponding composite 
reliability scores, ranging from 0.791 to 0.924 and 0.818 to 0.926, support the 
retention of all items in measurement models of PLS M1 and M2.   
 
7.4.2 Standardized factor loadings and average variance extracted (AVE)  
As noted in both Tables 7.16 and 7.17, factor loadings for all items of respective 
measurement models are well above the cut-off value of 0.45 (Comprey, 1973; see 
Section 6.4.4.4), ranging from 0.555 to 0.940. Besides this, it can be seen that t-
statistics of all individual measurement items are greater than 2.430 (i.e., the t-test 
values required to achieve statistical significant at p < 0.05). For the hypothesis 
testing, this means that all factor loadings (or parameter estimates in CFA) in both 
PLS M1 and M2 are significantly different from zero, and thus they are significantly 
related to their corresponding constructs and should be retained in the models. 
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Overall, these statistically significant high factor loadings of all measurement items 
provide strong evidence of convergent validity of measurement items within their 
respective constructs, in addition to the EFA.  
 
In tandem with the above, the average variance extracted (AVE) value is another 
measure used to assess the convergent validity of individual constructs (see Section 
6.4.4.3). As can be seen from Tables 7.16 and 7.17, the AVE values of all constructs 
in PLS M1 and M2 are above the cut-off value 0.50 (Fornell and Larcker, 1981; see 
Section 6.4.4.4), ranging from 0.530 to 0.781. This means that at least 50% of 
measurement variance is captured by individual constructs involved, thus indicating a 
satisfactory level of convergent validity. Therefore, no corrective action is required; all 
items are retained in their respective measurement models.   
 
7.4.3 Square root of AVE and cross loading analysis 
Using the AVE values in Tables 7.16 and 7.17, Table 7.18 shows the descriptive 
statistics, Pearson correlation matrix and the square roots of AVE (see Section 
6.4.4.3) of individual constructs (or factors) in PLS M1 and M2. It can be seen that 
the square roots of AVE of all constructs in PLS M1 and M2 are greater than the 
correlation between any pair of constructs in the models. This provides strong 
evidence of discriminant validity, suggesting that all the constructs involved are both 
conceptually and empirically distinct from each other. In fact, the test result has 
proven the appropriateness of the EFA process (as shown in Section 7.3.2) for 
analyzing multi-dimensional constructs individually, while examining single-
dimensional constructs as a group. Although there may be correlations between 
measurement items of respective multi-dimensional and single-dimensional 
constructs, which have been ignored during the EFA process in an attempt to 
establish factor structures, the square root of AVE values have proven that individual 
constructs are discriminate.  
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Table 7.18 Descriptive statistics, correlation matrix and the square roots of AVE for PLS M1 and M2 
Code Factors Min Max Mean SD X1CL X1SV X1SV X2 X3 X4 X5 X6.1CLS X6.1RLS X6.2PLS X6.2CIS ZMC ZTCn YOF YTF YSF  
X1CL Commitment to learning 3.00 7.00 5.50 0.93
0.809 PLSM1 
0.808 PLSM2                
X1SV Shared vision and value 2.75 7.00 5.35 0.93 0.421** 
0.773 PLSM1 
0.783 PLSM2               
X1O Open-mindedness 3.00 6.67 5.00 0.98 0.358* 0.327* 
0.858 PLSM1 
0.865 PLSM2              
X2 Organizational structure 1.00 6.00 3.35 1.39 0.034 -0.030 0.412** 0.864
 PLSM1 
0.867 PLSM2             
X3 Employees’ skills and behaviour 4.17 6.67 5.20 0.52 0.587** 0.259 0.279 0.107 
0.739 PLSM1 
0.740 PLSM2            
X4 Technological capabilities 1.00 6.00 4.57 1.10 0.194 0.390* 0.316* 0.240 -0.175 0.798
 PLSM1 
0.801 PLSM2           
X5 Supply chain capabilities 3.40 7.00 5.45 0.86 0.325* 0.119 0.234 0.358* 0.055 0.303 0.754 PLSM1, PLSM2         
X6.1CLS Cost leadership 4.33 6.50 5.50 0.49 -0.084 0.105 -0.072 0.065 -0.008 0.323* 0.085 
0.771 PLSM1 
0.769 PLSM2         
X6.1RLS Risk leadership 4.33 6.78 5.22 0.47 0.122 0.015 0.192 0.158 0.336* 0.424** 0.004 0.324*
0.812 PLSM1 
0.811 PLSM2        
X6.2PLS Product leadership 1.00 6.11 3.75 1.65 -0.167 0.092 0.342* -0.011 0.077 0.043 0.228 -0.096 -0.026 
0.755 PLSM1 
0.803 PLSM2       
X6.2CIS Customer intimacy 1.00 5.58 3.15 1.37 0.098 0.099 0.389* 0.395* 0.156 0.265 0.544** 0.043 0.116 0.325*
0.760 PLSM1 
0.763  PLSM2      
ZMC Market conditions 3.17 7.00 5.75 0.87 -0.126 0.003 -0.073 -0.132 -0.059 -0.139 0.066 -0.260 -0.325* -0.041 -0.059 0.769 PLSM1, PLSM2    
ZTCn Technological conditions 2.33 7.00 4.15 1.21 -0.405** -0.351* -0.065 -0.153 0.035 -0.133 -0.081 0.042 -0.045 0.047 0.011 0.410** 0.884 PLSM1, PLSM2   
YOF Operational flexibility 2.60 6.60 5.04 0.89 0.531** 0.118 0.311* 0.553** -0.078 0.587** 0.279 0.300 0.355* -0.255 0.208 -0.365* -0.165 0.771 PLSM1 PLSM2  





YSF Strategic flexibility 3.40 6.60 5.05 0.62 0.272 0.371* 0.213 0.305 0.144 0.292 0.205 0.481** 0.497** -0.100 0.409** -0.203 -0.215 0.423** 0.318* 
0.728 PLSM1, 
PLSM2 
Note: The square roots values of average variance extracted for PLS M1 and M2 are denoted as PLSM1 and PLSM2, respectively in the diagonal, whereas the 
Pearson correlation coefficients are below the diagonal; * correlation is significant at the 0.05 level (2-tailed); ** correlation is significant at the 0.01 level (2 -tailed) 
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To reinforce the above findings, the cross loading matrices generated for PLS M1 
and M2 by the SmartPLS 2.0 M3 software are presented in Tables 7.20 and 7.21, 
respectively. Both tables show that all items (a total of 65 items in each table) loaded 
higher on the construct that they were theoretically specified to measure than any 
other constructs in the models. This further demonstrates a strong evidence of 
discriminate validity. Therefore, no corrective action is required in PLS M1 and M2. 
More importantly, the cross loading analysis re-confirms that the factor structures 
emerged were not distorted by the proposed EFA process.  
 
7.5 Standard deviation of measurement items of individual constructs 
With reference to Table 7.18, it should be noted the standard deviation (SD) values 
were computed based on the composite scores of individual constructs; whereby 
individual composite score was obtained by summing the weighted scores of 
individual measurement items of the respective constructs (see Section 6.4.3). As 
highlighted in Section 5.4.1, a multiple-item scale was adopted to assess individual 
constructs in an attempt to achieve a more accurate prediction of constructs, and 
thus increase the reliability of data.  
 
In order to demonstrate that the prediction of constructs was more reliable, through 
the applications of the multiple-item scale and PLS approach, efforts were made to 
compare the SD values between individual items (i.e., a single-item scale) and 
individual constructs (i.e., a multiple-item scale). Tables 7.18 and 7.19 show that the 
SD values for individual constructs and measurement items range from 0.47 to 1.65 
and 0.52 to 2.55, respectively. Taking the ‘commitment to learning’ (X1CL) factor as 
an example, if the three measurement items (i.e., CL1, CL2 and CL3) are treated as 
a single-item measure to the factor, their predictions could appear to be less reliable; 
since their SD values range from 0.98 to 1.29 within the domain of the same factor 
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(see Section 5.4.1 for further explanation on the inadequacy of single-item 
measures). On the other hand, if the three items are treated as multi-item measures 
of the X1CL factor, in which the weighted scores of individual measurement items are 
considered in the calculation of the composite score of the X1CL factor, the prediction 
tends to be more accurate and reliable. First, the multi-item measures are able to 
collectively capture the domain of the X1CL factor more adequately and accurately 
than if the three items are treated individually (see Section 5.4.1). Second, the PLS 
approach treats individual measurement items separately within its factor’s domain 
and allows each item to vary in the amount of influence on the composite score of the 
X1CL factor rather than assuming equal weight for all the items of the summated 
scale (see Section 6.5.2). All these may contribute to achieving a more accurate and 
reliable prediction of the X1CL factor, and further help to explain the low SD value 
obtained for the X1CL factor compared to the individual SD values of its measurement 
items. In fact, these further establish the reliability of data for the subsequent 
modelling process. 
 





















CL1 1.29 ESB4 0.73 SC6 1.32 MC1 1.34 F7 0.87 
CL2 1.18 ESB5 0.79 B9 0.52 MC4 0.84 F8 0.66 
CL3 0.98 ESB6 0.60 B10 0.92 MC5 1.06 F12 0.84 
SV1 1.19 ESB8 0.58 B14 0.52 MC6 1.30 F13 0.74 
SV2 1.12 IT1 1.53 B15 0.60 TCn1 1.32 F15 0.81 
SV3 1.22 IT2 1.45 B5 0.60 TCn2 1.36 
SV4 1.14 IT3 1.56 B8 0.63 TCn3 1.40 
O1 1.27 IT4 1.42 B11 0.52 F1 1.39 
O2 0.99 PT1 1.24 B7 1.80 F2 1.19 
O3 1.13 PT2 1.18 B12 1.73 F10 1.14 
OS1 1.50 PT3 1.24 B16 2.55 F11 1.05 
OS2 1.58 SC2 1.65 B2 1.92 F14 1.01 
OS3 1.74 SC3 0.79 B3 2.11 F3 0.96 
ESB1 0.79 SC4 0.88 B4 1.54 F4 0.87 
ESB2 0.72 SC5 1.00 B13 1.56 F5 1.05 
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Table 7.20 Cross-loadings for individual measurement items of respective factors for PLS M1 
Measurement 
items X1CL X1SV X1O X2 X3 X4 X5 X6.1CLS X6.1RLS X6.2PLS X6.2CIS ZMC ZTCn YOF YTF YSF 
CL1 0.830 0.369 0.336 0.156 0.533 0.250 0.400 0.033 0.153 -0.261 0.142 -0.181 -0.385 0.430 0.270 0.294 
CL2 0.765 0.185 0.244 -0.042 0.430 -0.010 0.220 -0.057 0.166 -0.172 0.009 -0.160 -0.290 0.462 0.167 0.216 
CL3 0.832 0.407 0.430 -0.030 0.484 0.232 0.155 -0.252 -0.064 -0.099 0.141 -0.058 -0.319 0.394 0.365 0.124 
SV1 0.300 0.878 0.362 0.016 0.183 0.417 0.300 0.284 0.106 0.154 0.236 0.019 -0.310 0.137 0.277 0.464 
SV2 0.423 0.879 0.450 -0.042 0.357 0.297 0.132 0.050 0.143 0.073 0.166 -0.102 -0.302 0.228 0.225 0.311 
SV3 0.249 0.719 0.200 -0.116 0.243 0.320 0.021 0.019 -0.083 0.108 0.131 -0.011 -0.238 0.079 -0.022 0.312 
SV4 0.401 0.578 0.232 0.050 0.098 0.146 -0.065 -0.095 -0.124 0.133 -0.145 0.113 -0.299 -0.005 -0.091 0.091 
O1 0.306 0.285 0.837 0.467 0.202 0.130 0.171 -0.134 0.242 0.181 0.305 -0.173 0.021 0.243 -0.156 0.138 
O2 0.486 0.510 0.918 0.158 0.457 0.480 0.224 -0.147 0.076 0.175 0.515 -0.112 -0.132 0.392 0.121 0.290 
O3 0.178 0.175 0.819 0.373 0.098 0.263 0.235 -0.021 0.146 0.243 0.287 -0.069 -0.078 0.198 -0.034 0.136 
OS1 0.005 -0.174 0.235 0.868 0.019 -0.103 0.066 -0.082 0.278 0.001 0.075 -0.047 -0.048 -0.176 -0.135 0.023 
OS2 -0.012 0.008 0.402 0.822 0.122 -0.130 -0.011 0.041 0.252 -0.055 0.207 -0.087 0.128 0.031 -0.079 0.166 
OS3 0.082 0.047 0.272 0.900 0.053 -0.221 0.029 -0.059 0.330 0.041 0.063 -0.106 0.012 -0.103 -0.126 0.189 
ESB1 0.392 0.286 0.289 0.250 0.686 -0.026 0.069 -0.159 0.070 -0.087 0.298 -0.127 -0.017 0.272 0.240 0.122 
ESB2 0.424 0.157 0.332 0.118 0.846 0.241 0.318 -0.052 0.174 0.046 0.407 -0.267 -0.157 0.585 0.132 0.221 
ESB3 0.436 0.177 0.151 0.173 0.774 0.221 0.359 0.185 0.223 -0.129 0.386 -0.106 -0.118 0.371 0.302 0.379 
ESB5 0.444 0.057 0.231 -0.023 0.691 0.050 0.253 -0.016 -0.064 -0.091 0.178 -0.032 -0.271 0.353 0.149 0.124 
ESB6 0.506 0.277 0.361 -0.137 0.693 0.370 0.382 0.024 0.176 -0.205 0.357 -0.006 -0.033 0.502 0.373 0.326 
ESB8 0.432 0.348 0.160 0.009 0.732 0.330 0.169 0.220 0.138 -0.321 0.106 -0.261 -0.181 0.539 0.126 0.268 
IT1 0.097 0.389 0.359 -0.202 0.279 0.856 0.426 0.193 0.117 0.100 0.501 -0.037 -0.033 0.298 0.036 0.191 
IT2 0.224 0.363 0.339 -0.279 0.286 0.855 0.288 -0.015 -0.052 0.096 0.447 0.029 -0.237 0.265 0.153 0.159 
IT3 0.263 0.359 0.279 -0.081 0.230 0.742 0.137 0.077 0.016 0.186 0.424 -0.086 -0.044 0.226 -0.095 0.158 
IT4 0.125 0.420 0.353 -0.157 0.154 0.814 0.081 -0.072 -0.033 0.221 0.373 -0.045 -0.084 0.131 -0.128 0.149 
PT1 0.192 0.246 0.284 -0.117 0.290 0.834 0.280 0.024 -0.025 0.019 0.353 -0.018 -0.050 0.307 0.148 0.252 
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Measurement 
items X1CL X1SV X1O X2 X3 X4 X5 X6.1CLS X6.1RLS X6.2PLS X6.2CIS ZMC ZTCn YOF YTF YSF 
PT2 0.089 0.326 0.340 -0.082 0.148 0.766 0.304 0.014 -0.033 0.087 0.445 0.197 0.013 0.259 0.219 0.150 
PT3 0.117 0.311 0.151 -0.096 0.297 0.707 0.223 0.176 -0.025 -0.017 0.407 -0.053 0.068 0.154 0.078 0.105 
SC2 0.154 0.183 0.168 0.140 0.439 0.197 0.804 0.362 0.426 -0.213 0.263 -0.054 0.070 0.482 0.443 0.333 
SC3 0.305 0.211 0.172 -0.185 0.115 0.257 0.763 0.296 0.375 0.049 0.242 -0.181 -0.201 0.405 0.432 0.219 
SC4 0.308 0.193 0.353 0.061 0.191 0.291 0.628 0.028 0.223 0.039 0.180 -0.150 -0.233 0.297 0.294 0.005 
SC5 0.326 0.147 -0.034 -0.022 0.199 0.242 0.772 0.151 0.244 -0.230 0.035 -0.095 -0.181 0.383 0.270 0.089 
SC6 0.212 0.085 0.259 0.103 0.370 0.314 0.788 0.233 0.281 -0.047 0.307 -0.221 -0.080 0.600 0.376 0.355 
B9 -0.085 0.213 -0.108 -0.044 -0.079 0.049 -0.007 0.757 0.185 -0.044 -0.021 -0.290 0.051 0.108 0.042 0.411 
B10 -0.091 0.218 0.087 0.014 0.180 0.086 0.390 0.776 0.268 -0.048 0.144 -0.032 0.103 0.336 0.101 0.397 
B14 -0.144 0.038 -0.293 -0.157 -0.017 -0.007 0.292 0.859 0.444 -0.179 -0.061 -0.336 -0.078 0.298 0.216 0.400 
B15 0.024 0.032 -0.080 0.093 0.122 0.130 0.235 0.682 0.126 -0.090 0.076 -0.201 0.050 0.155 0.115 0.252 
B5 0.111 0.086 0.147 0.424 0.144 -0.041 0.397 0.243 0.787 -0.239 0.065 -0.210 -0.097 0.230 0.193 0.415 
B8 0.141 0.150 0.242 0.173 0.273 0.184 0.331 0.233 0.802 -0.092 0.195 -0.264 0.053 0.346 0.098 0.439 
B11 0.003 -0.037 -0.014 0.236 0.017 -0.167 0.302 0.394 0.845 -0.142 0.024 -0.242 -0.115 0.262 0.277 0.354 
B7 -0.243 0.120 0.138 -0.023 -0.288 0.057 -0.191 -0.061 -0.251 0.939 0.166 -0.151 -0.026 -0.352 -0.402 -0.157 
B12 -0.089 0.012 0.373 0.201 0.096 0.345 0.262 0.048 0.215 0.555 0.386 0.031 0.148 -0.048 -0.005 0.034 
B16 -0.090 0.131 0.283 0.044 0.087 0.149 0.072 -0.208 -0.021 0.721 0.293 0.001 0.010 -0.188 -0.155 -0.111 
B2 -0.115 0.123 0.083 -0.046 0.207 0.328 0.080 0.016 0.058 0.313 0.741 -0.290 -0.130 0.132 -0.001 0.378 
B3 0.225 0.320 0.535 0.082 0.439 0.540 0.334 0.134 0.195 0.160 0.869 -0.053 0.062 0.256 0.059 0.422 
B4 0.049 -0.013 0.246 0.288 0.294 0.450 0.114 -0.157 0.026 0.002 0.621 0.121 0.106 0.021 0.097 0.145 
B13 0.152 0.099 0.455 0.159 0.272 0.332 0.286 -0.001 0.036 0.196 0.787 -0.228 -0.017 0.284 0.230 0.274 
MC1 0.123 -0.028 0.174 0.027 0.064 0.272 0.002 -0.320 -0.306 -0.127 0.058 0.618 0.318 -0.141 -0.014 -0.055 
MC4 -0.108 -0.088 -0.176 -0.173 -0.094 0.088 -0.060 -0.172 -0.209 -0.177 -0.272 0.868 0.372 -0.213 0.058 -0.264 
MC5 -0.111 -0.002 -0.138 -0.107 -0.182 -0.139 -0.228 -0.261 -0.222 -0.084 -0.341 0.859 0.401 -0.349 -0.139 -0.331 
MC6 -0.289 0.007 -0.122 0.016 -0.235 0.027 -0.186 -0.148 -0.242 -0.003 0.140 0.702 0.233 -0.402 0.123 -0.021 
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Measurement 
items X1CL X1SV X1O X2 X3 X4 X5 X6.1CLS X6.1RLS X6.2PLS X6.2CIS ZMC ZTCn YOF YTF YSF 
TCn1 -0.414 -0.284 -0.138 0.009 -0.101 -0.116 -0.137 -0.023 -0.019 -0.068 0.021 0.327 0.839 -0.183 0.011 -0.147 
TCn2 -0.425 -0.356 -0.110 0.030 -0.240 -0.049 -0.100 0.061 -0.100 0.015 -0.048 0.418 0.941 -0.230 -0.241 -0.262 
TCn3 -0.241 -0.263 0.014 0.023 -0.045 -0.051 -0.150 0.022 -0.008 -0.009 0.038 0.372 0.868 -0.073 -0.188 -0.172 
F1 0.544 0.142 0.401 0.007 0.525 0.212 0.348 0.240 0.285 -0.408 0.104 -0.371 -0.044 0.798 0.238 0.320 
F2 0.306 -0.041 0.165 0.089 0.278 0.109 0.461 0.093 0.395 -0.193 0.086 -0.354 -0.107 0.699 0.351 0.148 
F10 0.389 0.137 0.240 -0.232 0.421 0.365 0.481 0.237 0.112 -0.332 0.239 -0.096 -0.144 0.757 0.342 0.418 
F11 0.464 0.264 0.330 -0.107 0.623 0.371 0.506 0.188 0.282 -0.161 0.390 -0.340 -0.293 0.821 0.272 0.409 
F14 0.296 0.128 0.168 -0.139 0.453 0.107 0.531 0.424 0.286 -0.215 0.144 -0.324 -0.130 0.772 0.424 0.368 
F3 0.360 0.126 -0.041 -0.026 0.260 -0.118 0.193 0.050 0.082 -0.256 0.054 -0.152 -0.304 0.330 0.748 0.307 
F4 0.181 -0.077 -0.171 -0.210 0.135 -0.105 0.335 0.133 0.006 -0.318 -0.057 -0.056 -0.155 0.203 0.747 0.157 
F5 0.265 0.250 0.045 -0.143 0.151 0.263 0.415 0.283 0.072 -0.191 0.052 0.009 -0.167 0.408 0.819 0.227 
F7 0.225 0.276 0.105 -0.066 0.345 0.172 0.503 0.043 0.417 -0.353 0.241 0.105 -0.028 0.308 0.775 0.305 
F8 0.262 0.096 0.257 0.071 0.331 0.114 0.248 0.125 0.337 -0.206 0.480 -0.118 -0.108 0.345 0.183 0.662 
F12 0.196 0.458 0.106 0.073 0.248 0.155 0.225 0.303 0.461 -0.114 0.295 -0.225 -0.423 0.267 0.273 0.828 
F13 0.122 0.363 0.166 0.249 0.302 0.224 0.280 0.487 0.346 -0.108 0.260 -0.069 -0.054 0.383 0.300 0.728 
F15 0.202 0.336 0.201 0.037 0.131 0.137 0.139 0.476 0.291 -0.042 0.239 -0.330 -0.061 0.304 0.201 0.684 
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Table 7.21 Cross-loadings for individual measurement items of respective factors for PLS M2 
Measurement 
items X1CL X1SV X1O X2 X3 X4 X5 X6.1CLS X6.1RLS X6.2PLS X6.2CIS ZMC ZTCn YOF YTF YSF 
CL1 0.855 0.365 0.306 0.135 0.531 0.247 0.397 0.030 0.162 -0.232 0.172 -0.181 -0.385 0.421 0.264 0.295 
CL2 0.716 0.201 0.235 -0.053 0.432 -0.009 0.219 -0.051 0.166 -0.122 0.012 -0.161 -0.291 0.460 0.161 0.217 
CL3 0.845 0.405 0.406 -0.021 0.486 0.230 0.157 -0.253 -0.058 -0.105 0.169 -0.058 -0.320 0.390 0.361 0.125 
SV1 0.319 0.851 0.349 0.012 0.182 0.433 0.302 0.277 0.113 0.155 0.239 0.019 -0.310 0.136 0.275 0.459 
SV2 0.432 0.876 0.414 -0.039 0.357 0.309 0.137 0.045 0.149 0.051 0.162 -0.102 -0.301 0.225 0.227 0.305 
SV3 0.244 0.762 0.164 -0.120 0.241 0.324 0.020 0.022 -0.078 0.062 0.092 -0.011 -0.239 0.075 -0.031 0.310 
SV4 0.397 0.616 0.220 0.063 0.098 0.156 -0.066 -0.087 -0.125 0.053 -0.150 0.112 -0.300 -0.006 -0.101 0.093 
O1 0.301 0.275 0.865 0.480 0.204 0.143 0.174 -0.131 0.257 0.259 0.332 -0.173 0.020 0.240 -0.155 0.139 
O2 0.498 0.507 0.879 0.169 0.460 0.477 0.226 -0.143 0.085 0.233 0.530 -0.111 -0.133 0.386 0.119 0.293 
O3 0.183 0.164 0.853 0.398 0.100 0.252 0.237 -0.014 0.144 0.339 0.324 -0.069 -0.079 0.193 -0.036 0.137 
OS1 0.020 -0.181 0.267 0.869 0.021 -0.108 0.067 -0.078 0.297 0.080 0.128 -0.046 -0.048 -0.172 -0.136 0.027 
OS2 -0.005 0.007 0.434 0.873 0.127 -0.120 -0.007 0.047 0.259 0.001 0.256 -0.086 0.128 0.029 -0.085 0.169 
OS3 0.087 0.043 0.294 0.860 0.055 -0.228 0.031 -0.061 0.336 0.085 0.081 -0.105 0.012 -0.106 -0.129 0.188 
ESB1 0.388 0.285 0.271 0.254 0.694 -0.019 0.074 -0.154 0.072 -0.040 0.323 -0.126 -0.017 0.271 0.240 0.122 
ESB2 0.418 0.159 0.318 0.133 0.845 0.249 0.315 -0.041 0.182 0.126 0.412 -0.267 -0.157 0.587 0.126 0.227 
ESB4 0.446 0.168 0.114 0.168 0.778 0.218 0.362 0.197 0.231 -0.036 0.414 -0.106 -0.118 0.372 0.306 0.387 
ESB5 0.436 0.064 0.213 -0.010 0.693 0.041 0.253 0.007 -0.057 -0.046 0.191 -0.032 -0.271 0.352 0.156 0.130 
ESB6 0.508 0.284 0.324 -0.114 0.696 0.357 0.386 0.032 0.177 -0.110 0.372 -0.006 -0.034 0.495 0.375 0.328 
ESB8 0.441 0.348 0.138 -0.005 0.720 0.323 0.170 0.217 0.146 -0.263 0.103 -0.261 -0.181 0.531 0.122 0.265 
IT1 0.105 0.380 0.342 -0.196 0.274 0.869 0.428 0.197 0.124 0.213 0.531 -0.036 -0.033 0.297 0.044 0.190 
IT2 0.237 0.354 0.321 -0.268 0.283 0.861 0.288 -0.016 -0.051 0.157 0.477 0.029 -0.237 0.261 0.156 0.161 
IT3 0.271 0.360 0.259 -0.064 0.227 0.770 0.139 0.074 0.022 0.193 0.455 -0.086 -0.045 0.223 -0.093 0.160 
IT4 0.139 0.418 0.331 -0.148 0.146 0.838 0.080 -0.081 -0.021 0.264 0.374 -0.045 -0.085 0.123 -0.130 0.149 
PT1 0.208 0.251 0.258 -0.120 0.282 0.800 0.278 0.027 -0.020 0.110 0.361 -0.018 -0.050 0.303 0.149 0.252 
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Measurement 
items X1CL X1SV X1O X2 X3 X4 X5 X6.1CLS X6.1RLS X6.2PLS X6.2CIS ZMC ZTCn YOF YTF YSF 
PT2 0.108 0.321 0.311 -0.085 0.144 0.735 0.302 0.020 -0.029 0.162 0.448 0.197 0.013 0.257 0.214 0.149 
PT3 0.138 0.307 0.113 -0.074 0.294 0.720 0.221 0.176 -0.015 0.081 0.434 -0.052 0.068 0.152 0.080 0.103 
SC2 0.153 0.174 0.168 0.150 0.441 0.183 0.810 0.385 0.425 -0.072 0.284 -0.055 0.070 0.485 0.454 0.336 
SC3 0.293 0.200 0.185 -0.192 0.117 0.250 0.764 0.311 0.366 0.125 0.240 -0.181 -0.201 0.410 0.437 0.221 
SC4 0.324 0.162 0.351 0.050 0.193 0.287 0.634 0.039 0.238 0.105 0.211 -0.150 -0.233 0.303 0.302 0.006 
SC5 0.333 0.135 -0.036 -0.053 0.195 0.233 0.771 0.168 0.253 -0.162 0.044 -0.096 -0.181 0.385 0.278 0.088 
SC6 0.222 0.071 0.251 0.108 0.368 0.291 0.778 0.240 0.295 0.054 0.293 -0.221 -0.080 0.605 0.374 0.359 
B9 -0.076 0.191 -0.103 -0.044 -0.087 0.062 -0.010 0.722 0.187 -0.070 -0.047 -0.290 0.051 0.107 0.034 0.404 
B10 -0.091 0.212 0.095 0.039 0.177 0.075 0.392 0.799 0.258 -0.023 0.144 -0.032 0.102 0.338 0.101 0.396 
B14 -0.150 0.019 -0.290 -0.154 -0.023 0.002 0.293 0.855 0.438 -0.153 -0.086 -0.336 -0.078 0.306 0.219 0.396 
B15 0.022 0.026 -0.068 0.099 0.117 0.122 0.235 0.689 0.114 -0.029 0.073 -0.200 0.050 0.150 0.114 0.247 
B5 0.116 0.068 0.158 0.418 0.141 -0.035 0.397 0.240 0.815 -0.124 0.077 -0.211 -0.096 0.235 0.199 0.417 
B8 0.124 0.146 0.247 0.166 0.274 0.187 0.336 0.240 0.796 0.023 0.201 -0.265 0.052 0.346 0.108 0.439 
B11 -0.003 -0.052 0.005 0.230 0.017 -0.172 0.303 0.401 0.820 -0.072 0.008 -0.242 -0.115 0.263 0.275 0.352 
B7 -0.234 0.122 0.143 -0.030 -0.287 0.070 -0.193 -0.066 -0.259 0.826 0.121 -0.150 -0.027 -0.348 -0.409 -0.160 
B12 -0.090 -0.001 0.391 0.200 0.098 0.341 0.263 0.055 0.218 0.770 0.392 0.032 0.148 -0.044 -0.001 0.032 
B16 -0.111 0.129 0.287 0.030 0.094 0.162 0.075 -0.204 -0.020 0.813 0.275 0.001 0.010 -0.182 -0.154 -0.112 
B2 -0.110 0.122 0.061 -0.046 0.208 0.326 0.077 0.016 0.051 0.314 0.665 -0.289 -0.130 0.132 -0.001 0.381 
B3 0.231 0.302 0.513 0.082 0.442 0.544 0.338 0.141 0.194 0.273 0.874 -0.051 0.061 0.251 0.067 0.424 
B4 0.067 -0.028 0.243 0.320 0.301 0.454 0.117 -0.148 0.033 0.081 0.702 0.122 0.106 0.019 0.102 0.150 
B13 0.158 0.095 0.442 0.195 0.279 0.335 0.285 0.004 0.047 0.252 0.793 -0.227 -0.016 0.290 0.224 0.281 
MC1 0.130 -0.023 0.161 0.018 0.067 0.247 0.002 -0.310 -0.291 -0.089 0.122 0.619 0.318 -0.146 -0.007 -0.049 
MC4 -0.108 -0.083 -0.175 -0.177 -0.094 0.065 -0.061 -0.164 -0.204 -0.105 -0.221 0.867 0.372 -0.210 0.061 -0.260 
MC5 -0.112 0.004 -0.136 -0.098 -0.177 -0.133 -0.222 -0.255 -0.220 -0.090 -0.286 0.857 0.401 -0.351 -0.135 -0.327 
MC6 -0.280 0.002 -0.123 0.014 -0.229 0.014 -0.185 -0.139 -0.251 0.057 0.162 0.704 0.234 -0.401 0.130 -0.021 
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Measurement 
items X1CL X1SV X1O X2 X3 X4 X5 X6.1CLS X6.1RLS X6.2PLS X6.2CIS ZMC ZTCn YOF YTF YSF 
TCn1 -0.408 -0.290 -0.133 0.030 -0.097 -0.115 -0.138 -0.025 -0.010 -0.005 0.053 0.328 0.841 -0.182 0.015 -0.149 
TCn2 -0.427 -0.360 -0.094 0.041 -0.237 -0.045 -0.098 0.062 -0.101 0.051 -0.010 0.418 0.940 -0.232 -0.229 -0.260 
TCn3 -0.250 -0.256 0.018 0.034 -0.043 -0.058 -0.148 0.021 -0.010 0.040 0.053 0.371 0.867 -0.075 -0.185 -0.168 
F1 0.543 0.131 0.388 0.019 0.517 0.212 0.347 0.241 0.286 -0.353 0.108 -0.372 -0.044 0.787 0.234 0.320 
F2 0.298 -0.042 0.159 0.098 0.275 0.096 0.459 0.103 0.397 -0.161 0.074 -0.355 -0.107 0.707 0.341 0.153 
F10 0.387 0.140 0.216 -0.212 0.416 0.339 0.477 0.241 0.111 -0.309 0.232 -0.096 -0.145 0.752 0.339 0.421 
F11 0.461 0.269 0.310 -0.102 0.621 0.357 0.503 0.202 0.270 -0.100 0.368 -0.340 -0.293 0.819 0.267 0.408 
F14 0.280 0.108 0.163 -0.121 0.450 0.100 0.531 0.431 0.295 -0.137 0.130 -0.324 -0.129 0.784 0.426 0.370 
F3 0.360 0.121 -0.056 -0.023 0.262 -0.142 0.191 0.048 0.069 -0.235 0.040 -0.152 -0.302 0.332 0.725 0.304 
F4 0.186 -0.103 -0.172 -0.218 0.139 -0.131 0.337 0.138 -0.005 -0.250 -0.055 -0.055 -0.155 0.204 0.757 0.156 
F5 0.277 0.236 0.025 -0.129 0.152 0.236 0.413 0.279 0.065 -0.133 0.052 0.009 -0.166 0.413 0.806 0.226 
F7 0.231 0.256 0.076 -0.062 0.351 0.157 0.508 0.054 0.426 -0.236 0.269 0.106 -0.027 0.314 0.792 0.308 
F8 0.261 0.099 0.252 0.089 0.334 0.107 0.246 0.133 0.345 -0.178 0.472 -0.117 -0.108 0.345 0.189 0.675 
F12 0.193 0.447 0.094 0.064 0.246 0.162 0.224 0.295 0.463 -0.065 0.272 -0.224 -0.422 0.266 0.268 0.824 
F13 0.121 0.356 0.134 0.243 0.300 0.209 0.278 0.482 0.353 -0.072 0.240 -0.068 -0.054 0.385 0.293 0.731 
F15 0.206 0.326 0.206 0.039 0.128 0.123 0.137 0.472 0.288 -0.025 0.219 -0.328 -0.061 0.300 0.200 0.672 
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7.6 Hypothesis testing of H1 
Based on the results obtained from both the classical and contemporary validation 
procedures, an important finding is derived - Organizational flexibility is a multi-
dimensional construct comprising: (i) operational flexibility; (ii) tactical flexibility; and 
(iii) strategic flexibility. This means that H1, stating that organizational flexibility (Y) 
can be characterized by three dimensions: (i) operational flexibility (YOF); (ii) tactical 
flexibility (YTF); and (iii) strategic flexibility (YSF) (see Section 3.6.1.3), is supported in 
this study. The EFA and CFA show that the three dimensions are distinctive with at 
least three measurement items loaded highly on them. More importantly, they have 
satisfied all the criteria set to determine the reliability and validity of a construct.  
 
7.7 Summary 
This chapter presents the results for validating the conceptual framework for 
organizational flexibility in construction firms. The results show that organizational 
structure (X2), employee skills and behaviour (X3), technological capabilities (X4) 
and supply chain capabilities (X5) are single-dimensional constructs. Organizational 
learning culture (X1), business strategies (X6) and environmental conditions (Z) each 
comprises various dimensions. The three dimensions for X1 are: (i) commitment to 
learning, (ii) shared vision and value; and (iii) open-mindedness. This is followed by 
X6, which can be characterized by four dimensions: (i) cost leadership; (ii) risk 
leadership; (iii) customer intimacy; and (iv) product leadership. Lastly, Z can be 
characterized by the market and technological conditions surrounding construction 
firms.  
 
Besides the above findings, the result has, in particular, supported the research 
hypothesis (H1) that organizational flexibility is a multi-dimensional construct in 
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construction comprising: (i) operational flexibility; (ii) tactical flexibility; and (iii) 
strategic flexibility.  
 
Overall, the results show that the retained data are valid and reliable for subsequent 





CHAPTER 8  
STRUCTURAL MODELS AND HYPOTHESES TESTING 
 
8.1 Introduction  
This chapter presents the results of PLS M1 (Sections 8.2 and 8.3) and PLS M2 
(Sections 8.4 and 8.5) in an attempt to address the second objective (i.e., identify the 
key determinants of organization flexibility in construction firms) and third objective 
(i.e., investigate the effects of inter-relationships among the key determinants on 
organizational flexibility dimensions), respectively. This involves the assessment of 
the path coefficients (i.e., influences) that describe the hypothesized relationships 
among construction firms’ resources, capabilities, strategies and their flexibility 
dimensions (i.e., constructs). In this study, the path coefficient is known as the 
standardized regression weight and it should be statistically significant to support 
hypothesized relationships among the constructs specified. Also, to address the 
fourth research objective (i.e., investigate the moderating effects of market and 
technological conditions on the relationships between the determinants and 
organizational flexibility dimensions), three sets of moderated structural models were 
developed to examine the moderating effects of environmental conditions on the 
relationships between the key determinants and organizational flexibility (Section 
8.6).   
 
8.2 Evaluation of structural model of PLS M1 
In evaluating the PLS M1 structural model, the process starts with the examination of 
the magnitude of variance explained (R2) for each predicted (dependent) construct in 
detecting any redundant path. Using the set rules for evaluating the R2, the results of 
the model trimming process and overall F-test (see Section 6.4.5) are examined next. 
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This is followed by the assessment of path coefficients. The evaluation is concluded 
with a section on the interpretation and discussion of findings of PLS M1.  
 
8.2.1 Model trimming process  
Figure 8.1 shows the original (or specified) PLS M1 that comprises 33 paths 
connecting directly from the key determinants to organizational flexibility. As shown in 
the circles that represent the three predicted constructs (i.e., operational flexibility 
(YOF), tactical flexibility (YTF) and strategic flexibility (YSF)), the R2 values are 0.735, 
0.448 and 0.647, respectively. This means that the six determinants, which have 
been operationalized into 11 predictor constructs, have explained 73.5%, 44.8% and 
64.7% of the corresponding variance on operational flexibility, tactical flexibility and 












































Though the obtained R2 values indicate that the PLS M1 has a reasonably 
satisfactory predictive power (i.e., R2 > 0.10) (following Falk and Miller, 1992; see 
Section 6.4.5), a model trimming process was conducted to identify any redundant 
predictor for the respective predicted constructs. Table 8.1 shows the standardized 
path coefficient, the correlation and the percentage of variance explained (PV explained) 
for each relationships in the original PLS M1. In this study, the correlation was used 
to calculate the PV explained using Eq. 6-5 (see Section 6.4.5).  It can be seen that nine 
out of the 33 proposed paths are considered as redundant with recorded PV explained 
values ranging from 0.05% to 1.38% (i.e., below the cut-off value of 1.5%). Of these, 
two (i.e., technological capabilities (X4) and customer intimacy initiative (X6.2CIS)) are 
related to operational flexibility (YOF), four (i.e., open-mindedness (X1O), employees’ 
skills and behaviour (X3), cost leadership (X6.1CLS) and risk leadership initiatives 
(X6.1RLS)) are detected in tactical flexibility (YTF), and the remaining (i.e., open-
mindedness (X1O), organizational structure (X2) and employees’ skills and behaviour 
(X3)) are found in strategic flexibility (YSF). 
 
Given that these nine paths contribute little to the understanding of the variance of 
organizational flexibility in this exploratory research, it was decided to exclude them 
in the recalculation of the model. It should be noted that the removal of these 
redundant paths are justified from a theoretical viewpoint because the relationships 
between the key determinants and organizational flexibility (i.e., the 11 predictor 
constructs and three predicted constructs) are maintained in the trimmed PLS M1 as 
shown in Figure 8.2. It can be seen that each of the 11 predictor constructs has at 
least one arrow pointed towards one of the three predicted constructs upon the 
removal of the nine redundant paths. In this case, the goal is to obtain a more precise 
model via a parsimonious approach by limiting the number of arrows, which can be 
justified theoretically (i.e., the overriding criterion in removal of redundant path) 
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(following Falk and Miller, 1992). With the exception of tactical flexibility (YTF), the R2 
values of operational flexibility (YOF) and strategic flexibility (YSF) in the trimmed PLS 
M1 have slightly improved, indicating better predictive power of the resultant trimmed 
model. Also, all the predictor constructs have now accounted for at least 1.5% of the 
variance in their respective predicted constructs as demonstrated by the PV explained for 
each relationship in the trimmed PLS M1 (see last column of Table 8.1). Therefore, 
no further model trimming process is needed. 









































Figure 8.2 The trimmed PLS M1  
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Table 8.1 Results of structural model of PLS M1 before and after the model trimming process  
















Commitment to learning (X1CL) → Operational flexibility (YOF) 0.171 0.530 9.05% 0.143 0.529 7.58% 
Shared vision and value (X1SV) → Operational flexibility (YOF) -0.196 0.182 3.56% -0.185 0.178 3.30% 
Open-mindedness (X1O) → Operational flexibility (YOF) 0.327 0.351 11.48% 0.323 0.347 11.21% 
Organizational structure (X2) → Operational flexibility (YOF) -0.245 -0.109 2.68% -0.243 -0.146 3.54% 
Employees’ skills and behaviour (X3) → Operational flexibility (YOF) 0.325 0.615 19.97% 0.332 0.622 20.62% 
Technological capabilities (X4) → Operational flexibility (YOF) 0.027 0.318 0.87% -  - - 
Supply chain capabilities (X5) → Operational flexibility (YOF) 0.268 0.599 16.05% 0.288 0.598 17.24% 
Cost leadership (X6.1CLS) → Operational flexibility (YOF) 0.208 0.310 6.44% 0.195 0.310 6.03% 
Risk leadership (X6.1RLS) → Operational flexibility (YOF) 0.074 0.343 2.52% 0.074 0.349 2.59% 
Customer intimacy (X6.2CIS) → Operational flexibility (YOF) -0.016 0.265 0.42% -  - - 
Product leadership (X6.2PLS) → Operational flexibility (YOF) 
 0.735
-0.206 -0.341 7.04% 
0.758
 
-0.209 -0.343 7.17% 
Commitment to learning (X1CL) → Tactical flexibility (YTF) 0.118 0.328 3.88% 0.078 0.327 2.56% 
Shared vision and value (X1SV) → Tactical flexibility (YTF) 0.208 0.227 4.73% 0.157 0.221 3.47% 
Open-mindedness (X1O) → Tactical flexibility (YTF) -0.137 0.016 0.21% -  - - 
Organizational structure (X2) → Tactical flexibility (YTF) -0.172 -0.134 2.30% -0.178 -0.146 2.60% 
Employees’ skills and behaviour (X3) → Tactical flexibility (YTF) 0.002 0.308 0.05% -  - - 
Technological capabilities (X4) → Tactical flexibility (YTF) -0.150 0.116 1.73% -0.166 0.141 2.34% 
Supply chain capabilities (X5) → Tactical flexibility (YTF) 
0.448
0.407 0.500 20.35% 
0.417
 
0.399 0.497 19.81% 
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Cost leadership (X6.1CLS) → Tactical flexibility (YTF) -0.022 0.160 0.35% -  - - 
Risk leadership (X6.1RLS) → Tactical flexibility (YTF) 0.012 0.238 0.29% -  - - 
Customer intimacy (X6.2CIS) → Tactical flexibility (YTF) 0.154 0.130 2.00% 0.139 0.112 1.56% 
Product leadership (X6.2PLS) → Tactical flexibility (YTF) -0.265 -0.367 9.73% -0.284 -0.363 10.29% 
Commitment to learning  (X1CL) → Strategic flexibility (YSF) 0.126 0.263 3.32% 0.095 0.262 2.47% 
Shared vision and value (X1SV) → Strategic flexibility (YSF) 0.338 0.439 14.83% 0.332 0.447 14.84% 
Open-mindedness (X1O) → Strategic flexibility (YSF) -0.056 0.246 1.38% -  - - 
Organizational structure (X2) → Strategic flexibility (YSF) 0.026 0.155 0.40% -  - - 
Employees’ skills and behaviour (X3) → Strategic flexibility (YSF) -0.022 0.351 0.78% -  - - 
Technological capabilities (X4) → Strategic flexibility (YSF) -0.118 0.220 2.60% -0.111 0.222 2.46% 
Supply chain capabilities (X5) → Strategic flexibility (YSF) -0.126 0.310 3.90% -0.111 0.306 3.39% 
Cost leadership (X6.1CLS) → Strategic flexibility (YSF) 0.331 0.483 15.98% 0.312 0.490 15.29% 
Risk leadership (X6.1RLS) → Strategic flexibility (YSF) 0.295 0.497 14.66% 0.298 0.499 14.85% 
Customer intimacy (X6.2CIS) → Strategic flexibility (YSF) 0.479 0.432 20.69% 0.426 0.427 18.18% 
Product leadership (X6.2PLS) → Strategic flexibility (YSF) 
 0.647
 
-0.201 -0.161 3.23% 
0.649
 
-0.194 -0.157 3.05% 
Note: + denotes the absolute value of the percentage of PV explained; ⊗ denotes redundant path removed 
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8.2.2 Overall F-test for R2 
Table 8.2 shows the results of an overall F-test to determine the significance of R2 
values obtained for individual predicted constructs in both the original and trimmed 
PLS M1. It appears that the F-test statistics have significantly improved after the 
model trimming process, and that they are statistically significant at p < 0.05 level. 
This means that the null hypothesis that the R2 or variances explained for all 
predicted constructs are equal to zero is rejected. The trimmed PLS M1 forms the 
basis of the next section on assessment of path coefficients. 
 
Table 8.2 Results of the overall F-test for R2 in PLS M1 
Description Original PLS M1 Trimmed PLS M1 
Predicted  constructs R2 F Significance 
(p) 
R2 F Significance 
(p) 
Operational flexibility (YOF) 0.735 7.312 0.000 0.758 10.730 0.000 
Tactical flexibility (YTF) 0.448 2.140 0.050 0.417 3.372 0.008 
Strategic flexibility (YSF) 0.647 4.832 0.000 0.649 7.396 0.000 
 
8.2.3 Assessment of path coefficients  
Having examined the magnitude of the R2 values for each predicted construct of the 
trimmed PLS M1, the focus here is to assess the path coefficients that describe the 
relationships among the constructs. The significance of individual path coefficients 
was determined using the standard errors of the path coefficients obtained from the 
bootstrapping technique, which in turn determine the t-statistics for individual 
relationships. Table 8.3 summarizes the results of the standardized path coefficient 
and t-statistics for all paths in the trimmed PLS M1. Among the 24 paths in the 
trimmed PLS M1, three are found to be statistically significant at p < 0.01, and nine 
are statistically significant at p < 0.05. These 12 statistically significant paths 
demonstrate the relationships among the constructs in this research. Of these, three 
predictor constructs are found to have negative predictive relationships on 
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operational flexibility (YOF) and tactical flexibility (YTF), and the remaining have 
varying positive predictive relationships on the respective three dimensions of the 
organizational flexibility construct. Figure 8.2 is modified here as Figure 8.3, showing 
only the significant paths in the trimmed PLS M1.  
 







(1) (2) (3) 
Commitment to learning (X1CL) → Operational flexibility (YOF) 0.143 0.962 
Shared vision and value (X1SV) → Operational flexibility (YOF) -0.185 1.746* 
Open-mindedness (X1O) → Operational flexibility (YOF) 0.323 2.529** 
Organizational structure (X2) → Operational flexibility (YOF) -0.243 2.215* 
Employees’ skills and behaviour (X3) → Operational flexibility (YOF) 0.332 2.362** 
Supply chain capabilities (X5) → Operational flexibility (YOF) 0.288 2.311* 
Cost leadership (X6.1CLS) → Operational flexibility (YOF) 0.195 2.050* 
Risk leadership (X6.1RLS) → Operational flexibility (YOF) 0.074 0.862 
Product leadership (X6.2PLS) → Operational flexibility (YOF) -0.209 1.581 
Commitment to learning (X1CL) → Tactical flexibility (YTF) 0.078 0.333 
Shared vision and value (X1SV) → Tactical flexibility (YTF) 0.157 0.838 
Organizational structure (X2) → Tactical flexibility (YTF) -0.178 1.135 
Technological capabilities (X4) → Tactical flexibility (YTF) -0.166 0.642 
Supply chain capabilities (X5) → Tactical flexibility (YTF) 0.399 2.252* 
Customer intimacy (X6.2CIS) → Tactical flexibility (YTF) 0.139 0.694 
Product leadership (X6.2PLS) → Tactical flexibility (YTF) -0.284 1.992* 
Commitment to learning (X1CL) → Strategic flexibility (YSF) 0.095 0.910 
Shared vision and value (X1SV) → Strategic flexibility (YSF) 0.332 2.197* 
Technological capabilities (X4) → Strategic flexibility (YSF) -0.111 0.701 
Supply chain capabilities (X5) → Strategic flexibility (YSF) -0.111 0.898 
Cost leadership (X6.1CLS) → Strategic flexibility (YSF) 0.312 2.027* 
Risk leadership (X6.1RLS) → Strategic flexibility (YSF) 0.298 1.940* 
Customer intimacy (X6.2CIS) → Strategic flexibility (YSF) 0.426 2.785** 
Product leadership (X6.2PLS) → Strategic flexibility (YSF) -0.194 1.233 













Figure 8.3 Statistically significant paths in the trimmed PLS M1 
 
8.3 Interpretation and discussion of findings of PLSM1 
The interpretation and discussion of the findings of the trimmed PLS M1 are 
presented below corresponding to the three dimensions of organizational flexibility. 
Qualitative data from the interview findings are also presented to supplement the 
discussion. Also, the observed predictive relationships were explained by referring to 





8.3.1 Direct positive impact on operational flexibility (YOF) 
As shown in Table 8.3, six predictor constructs have significant influences on firms’ 
operational flexibility. Of these, four predictor constructs have positive standardized 
path coefficients (i.e., positive impacts on attainment of firms’ operational flexibility) 
while the remaining two are of negative path coefficients (to be discussed in Section 
8.3.2). The magnitudes of positive impacts, in their order of importance, are: (i) 
employees’ skills and behaviour (X3) (β = 0.332); (ii) open-mindedness (X1o) (β = 
0.323); (iii) supply chain capabilities (X5) (β = 0.288); and (iv) cost leadership 
initiative (X6.1CLS) (β = 0.195). These are now discussed.  
 
8.3.1.1 Employees’ skills and behaviour (X3)  
For the employees’ skills and behaviour (X3) construct, Table 7.16 shows that the 
statistically significant measurement items of high factor loadings are firms’ 
employees’ abilities: (i) to adopt an open mindset to all alternatives (ESB1; FL = 
0.686); (ii) to work in a team environment (ESB2; FL = 0.846); (iii) to learn and adapt 
to different business conditions (ESB4; FL = 0.774); (iv) to perform a diverse range of 
tasks and responsibilities (ESB5; FL = 0.691); (v) to gain customer satisfaction 
(ESB6; FL = 0.693); and (vi) to work independently (ESB8; FL = 0.732). These 
measurement items characterize a flexible workforce (Correa, 1994), which in turn 
contribute positively towards firms’ operational flexibility (YOF).  
 
Table 8.4 shows the correlations between employees’ skills and behaviour and 
operational flexibility. The results indicate that a firm’s ability to make decisions on 
non-routine and significant events which cannot be anticipated in advance (F11) is 
significantly and positively correlated with all features of its employees’ skills and 
behaviour. One possible explanation is that when individuals are able to work 
independently and cohesively within a team environment, and adopting an open-
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mindset to learn and adapt to different business conditions and clients’ requirements, 
they could improve their abilities to perform a diverse range of tasks and 
responsibilities. All these may in turn improve a firm’s responsiveness to non-routine 
and important events.  
 




Description ESB1 ESB2 ESB4 ESB5 ESB6 ESB8 F1 F2 F10 F11 F14
ESB1 Ability to adopt an open-mindset to all alternative 1.000           
ESB2 Ability to work in a team environment .643** 1.000          
ESB4 Ability to learn and adapt to different business conditions .463** .597** 1.000         
ESB5 
Ability to perform a diverse 
range of tasks and 
responsibilities 
.351* .575** .518** 1.000        
ESB6 Ability to gain customer satisfaction .290 .391* .413** .423** 1.000       
ESB8 Ability to work independently .477** .576** .431** .326* .377* 1.000      
F1 Ability to modify your firm’s operational structure .246 .441** .261 .237 .425** .611** 1.000     
F2 
Ability to integrate, construct 
and reshape your firm’s 
financial resources 
.157 .437** .143 .062 .153 .218 .519** 1.000    
F10 
Ability to construct facilities 
using different construction 
methods and materials 
.007 .288 .173 .372* .560** .334* .501** .346* 1.000   
F11 
Ability to make decisions on 
non-routine and significant 
events which cannot be 
anticipated in advance 
.366* .576** .415** .353* .499** .484** .516** .410** .621** 1.000  
F14 
Ability to integrate your 
internal functions with 
external firms in providing 
value-added services to 
clients 
.220 .489** .385* .288 .231 .358* .517** .561** .427** .511** 1.000
Note: ** denotes correlation is significant at the 0.01 level (2-tailed); * denotes correlation is significant at 
the 0.05 level (2-tailed). 
 
Likewise, the significant positive correlations among F14, ESB2, ESB4 and ESB8 
may be explained by the fact that a firm’s capacity to collaborate with its partners 
may depend on its employees’ abilities to work independently and cohesively with 
external parties within a team environment, learning and adapting to different 
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conditions which arise during the partnership. In events where employees are able to 
work well with external parties, the synergy created may lead to improved 
organizational capabilities in offering high value-added services to clients, and thus 
improving a firm’s competitiveness. Corresponding to this, the synergistic partnership 
may enhance a firm’s abilities to integrate, construct and reshape its financial 
resources in the face of any unforeseen events. Some interviewees (approximately 
30%) shared the view that it is important to have synergistic partnerships with supply 
chain partners because it is an operational hedging strategy that could mitigate the 
environment’s impact on a firm’s performance (see Section 8.3.4.1). This agrees with 
Young-Ybarra and Wiersema (1999), who found that formation of synergistic 
partnership enables firms to achieve competitive positioning, while avoiding major 
cost commitment in product development. This further may help to explain the 
positive correlation between ESB2 and F2. As for the positive correlations among 
F10, ESB5, ESB6 and ESB8 (see Table 8.4), these indicate that a firm’s ability to 
construct facilities using different construction methods and materials is likely to 
improve when its employees possess high abilities: (i) to perform a diverse range of 
tasks and responsibilities; (ii) to gain customer satisfaction; and (iii) to work 
independently.  
 
In this study, the importance of superior employees’ skills and behaviour in 
accomplishing firms’ operational flexibility can be further explained by taking into 
consideration the study period 1997 – 2007. One-third of the interviewees shared the 
view that management would desire a flexible workforce with a high level of 
commitment to learn and adapt themselves when their companies took different 
courses of action during the eight years of unprecedented economic downturn from 
1997 - 2005. Under such conditions, it would seem that employees had limited or no 
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choice but be propelled to stay adaptive in order to retain their jobs during the long 
period of industry downturn.  
 
8.3.1.2 Open-mindedness (X1O) 
Open-mindedness (X1O), which leads to operational flexibility (YOF), is associated 
with: (i) participative decision among employees (O1; FL = 0.837); (ii) open 
communication (O2; FL = 0.918); and (iii) ability to change current practices following 
the industry trend (O3; FL = 0.819) (see Table 7.16). Some interviewees suggested 
that the increasing complexity involved in construction business have placed the 
element of open-mindedness as a key towards continued business existence. 
Interviewee S34 expressed that: 
The business environment of the Singapore construction industry has 
become less predictable…Signs of uncertainties and complexities in the 
industry include: the sharp increase in construction demand in 2007; the 
upsurge in the prices of steel bars in 2003 and concrete and aggregate prices 
in 2006; and the escalation of social expectations on safety and 
environmental issues. Therefore, it is increasingly becoming important for 
construction firms to embrace an attitude of open-mindedness since it is 
difficult to predict what will happen next. They need to regularly review their 
business roadmap and scan for changes within the business environment in 
order to remain viable in the industry. 
 
The foregoing discussion is in agreement with Sull (1999; 2005), who found that 
decision-makers must be open-minded to regularly review their companies’ strategic 
frame, processes, relationships, routines and values so as to avoid organizational 
inertia (see Section 3.9.1). Table 8.5 shows the correlations between firms’ open-








Description O1 O2 O3 F1 F2 F10 F11 F14 
O1 Our firm encourages participative decision making among employees 1.000        
O2 
Our firm promotes open 
communication among subordinates 
and superiors 
.615** 1.000       
O3 
Our firm adapts freely to changes 
within the industry without much 
concern to past practices and 
management practices 
.656** .607** 1.000      
F1 Ability to modify your firm’s operational structure .372* .409** .204 1.000     
F2 
Ability to integrate, construct and 
reshape your firm’s financial 
resources 
.220 .163 .017 .519** 1.000    
F10 
Ability to construct facilities using 
different construction methods and 
materials 
-.027 .338* .219 .501** .346* 1.000   
F11 
Ability to make decisions on non-
routine and significant events which 
cannot be anticipated in advance 
.181 .383* .214 .516** .410** .621** 1.000  
F14 
Ability to integrate your internal 
functions with external firms in 
providing value-added services to 
clients 
.179 .168 .066 .517** .561** .427** .511** 1.000
Note: ** denotes correlation is significant at the 0.01 level (2-tailed); * denotes correlation is significant 
at the 0.05 level (2-tailed) 
 
As noted from Table 8.5, F1 is found to have significant positive correlations with the 
O1 and O2. This is followed by F10 and F11, which are positively correlated with O2. 
These suggest that O2 is an important feature to achieving operational flexibility. 
Many interviewees shared the view that creating an environment that fosters open 
communication is the key towards improved firms’ responsiveness to environmental 
changes. They explained that an open communication environment often encourages 
knowledge sharing and interactive learning among employees, and thus improves 
their knowledge about different operational processes and technologies. All these 
may in turn affect a firm’s abilities to construct facilities using different construction 




8.3.1.3 Supply chain capabilities (X5) 
Table 7.16 shows that supply chain capabilities (X5), which lead to operational 
flexibility (YOF), is associated to firms’ abilities: (i) to procure material globally (SC2; 
FL = 0.804); (ii) to improve the quality of construction services and products (SC3; FL 
= 0.763); (iii) to attract repeat business from clients (SC4; FL = 0.628); (iv) to improve 
construction speed (SC5; FL = 0.772); and (v) to coordinate delivery requirement to 
meet clients’ need globally (SC6; FL = 0.788). Table 8.6 shows the correlations 
between these five abilities and firms’ operational flexibility.  
 




Description SC2 SC3 SC4 SC5 SC6 F1 F2 F10 F11 F14 
SC2 Ability to procure materials on a global basis 1.000          
SC3 
Ability to improve the quality of 
construction services and 
products 
.538** 1.000         
SC4 Ability to attract repeat business from clients .294 .432** 1.000        
SC5 Ability to improve construction delivery speed . 518** .511** .564** 1.000       
SC6 
Ability to coordinate delivery 
requirement to meet clients’ 
need on a global basis 
.530** .408** .381* .487** 1.000      
F1 Ability to modify your firm’s operational structure .300 .172 .194 .271 .341* 1.000     
F2 
Ability to integrate, construct and 
reshape your firm’s financial 
resources 
.317* .343* .292 .298 .454** .519** 1.000    
F10 
Ability to construct facilities using 
different construction methods 
and materials 
.421** .324* .130 .218 .557** .501** .346* 1.000   
F11 
Ability to make decisions on non-
routine and significant events 
which cannot be anticipated in 
advance 
.412** .410** .173 .359* .466** .516** .410** .621** 1.000  
F14 
Ability to integrate your internal 
functions with external firms in 
providing value-added services 
to clients 
.409** .322* .392* .328* .523** .517** .561** .427** .511** 1.000
Note: ** denotes correlation is significant at the 0.01 level (2-tailed); * denotes correlation is significant at 




As can be seen from Table 8.6, SC2, SC3 and SC6 are positively correlated with F2, 
F10, F11 and F14. One possible explanation is that a firm’s supply chain abilities to 
procure materials and coordinate delivery requirement to meet clients’ need on a 
global basis, while improving the quality of construction services and products 
offered, are important features relating to the firm’s operational abilities to respond to 
non-routine and significant events, and offer value-added services to clients, 
constructing facilities with different construction methods and materials.   
 
8.3.1.4 Cost leadership initiative (X6.1CLS) 
The last predictor construct that has a positive impact on operational flexibility (YOF) 
is the firms’ cost leadership initiative (X6.1CLS). Through approaches such as (i) 
implement stricter site management to reduce material wastages; (ii) implement 
stricter financial management on company cash flow; (iii) set limits on project size; 
and (iv) implement stricter procurement management (see Table 7.16), contractors 
could improve their operational flexibility. Many interviewees (approximately 83%) 
pointed out that it is important for their firms to set limits on their projects, in terms of 
size, for better control and responsiveness to changes within the business 
environment. This may  also be explained by the significant positive correlation 
between a firm’s effort to set limits on its project size (B10) and its ability to make 
decisions on non-routine and significant events which cannot be anticipated in 
advance (F11)  (see Table 8.7).  
 




Description B9 B10 B14 B15 F1 F2 F10 F11 F14 
B9 Implementing stricter financial management on company cash flow 1.000         
B10 
Setting limits on project size so that 
any failure of one project would not 
endanger the firm’s operation 





Description B9 B10 B14 B15 F1 F2 F10 F11 F14 
B14 
Implementing stricter site 
management to reduce material 
wastage 
.625** .507** 1.000       
B15 Implementing stricter procurement management on company cash flow .411** .442** .435** 1.000      
F1 Ability to modify your firm’s operational structure .173 .203 .154 .236 1.000     
F2 
Ability to integrate, construct and 
reshape your firm’s financial 
resources 
-.083 .083 .238 -.030 .519** 1.000    
F10 
Ability to construct facilities using 
different construction methods and 
materials 
.122 .256 .185 .145 .501** .346* 1.000   
F11 
Ability to make decisions on non-
routine and significant events which 
cannot be anticipated in advance 
-.023 .319* .133 .097 .516** .410** .621** 1.000  
F14 
Ability to integrate your internal 
functions with external firms in 
providing value-added services to 
clients 
.216 .396* .481** .114 .517** .561** .427** .511** 1.000 
Note: ** denotes correlation is significant at the 0.01 level (2-tailed); * denotes correlation is significant 
at the 0.05 level (2-tailed) 
 
Also, the significant positive correlations among F14, B10 and B14 (see Table 8.7), 
may indicate that a firm’s ability to integrate its internal functions with external firms in 
providing value-added services to clients is likely to increase when the firm places 
greater emphasis on its site management and project portfolio management (by 
setting limit on project size). Interviewees shared the view that the joint efforts 
(among supply chain parties) to implement stricter site management are the key 
towards effective project cost savings, which will lead to higher client satisfaction.  
 
8.3.2 Direct negative impact on operational flexibility (YOF) 
Table 8.3 shows the significant direct negative influences of (i) organizational 
structure (X2) (β = -0.243) and (ii) shared vision and value (X1SV) (β = -0.185) on 
firms’ operational flexibility. The negative influence of organizational structure on 
firms’ operational flexibility is in contrast to Carlsson’s (1989) argument that a flexible 
organization would need a flexible structure, and not only flexible people. Table 8.8 
shows the correlations among firms’ shared vision and value, organizational structure 




It can be seen from Table 8.8 that there is no significant correlation between firms’ 
structure and their operational flexibility. However, the negative influence of 
organizational structure (X2) on operational flexibility (YOF) can partly be explained by 
the ownership of the majority of interviewees’ firms (approximately 54%), which are 
considered as family controlled business. Many interviewees shared the view that 
their firms are more inclined to a centralized decision making process, and explained 
that even though the firms encourage the participation of managers and supervisors 
in contributing new ideas, the final decision is always made by top management. 
Likewise, this finding may help to explain the negative influence of firms’ shared 
vision and value (X1SV) on their operational flexibility (YOF), since there is no sufficient 
evidence to establish the correlations between measurement items of the two 
constructs (see Table 8.8). 
 
8.3.3 Direct impact on tactical flexibility (YTF) 
Supply chain capabilities (X5) and product leadership (X6.2PLS) are the only two 
predictor constructs with significant impacts on firms’ tactical flexibility (YTF) as shown 
in Table 8.3.  
 
8.3.3.1 Supply chain capabilities (X5) 
Similar to that of operational flexibility (YOF), firms’ supply chain capabilities (X5) are 
found to positively influence the firms’ tactical flexibility (YTF), posing a path 
coefficient of 0.399. In this study, it is found that firms’ supply chain capabilities have 
greater impact on their tactical flexibility than operational flexibility given the higher 
magnitude of the respective path coefficients (i.e., 0.399 vs. 0.288). Most 
interviewees (approximately 93%) acknowledged the importance of firms’ supply 
chain capabilities in response to changes in the business environment, and pointed 
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out that their firms’ ability to add and expand their business capacity efficiently (F5) 
is, to some extent, determined by their established and good relationships with 
clients, subcontractors and suppliers. The interviewees explained that these 
relationships have directly and indirectly benefited them, in terms of improved 
capabilities in (i): exploring and sourcing of materials; (ii) improving their quality of 
services and products; and (iii) obtaining sufficient business turnover. These agree 
with Kale and Arditi (2001), who found that having high quality relationship with 
subcontractors is positively associated with contractors’ economic performance.  
 
Table 8.9 shows the correlations between firms’ supply chain capabilities and their 
tactical flexibility. The findings show that a firm’s ability to add and expand its 
business capacity efficiently (F5) is likely to increase when the firm enhances its 
abilities to improve the quality of construction services and products (SC3), and to 
coordinate delivery requirement to meet clients’ need on a global basis (SC6). 
Likewise, it is found that a firm’s ability to adopt a range of alternative logistics 
supports to operations (F7) is positively correlated with the firm’s abilities to procure 
materials on a global basis (SC2), and improve the quality of construction services 
and products (SC3). Based on these, it appears that SC3 is an important feature 
relating to a firm’s tactical flexibility since it is positively correlated with F5 and F7 
(i.e., two out of the four features of tactical flexibility). This may also indicate that 
Singapore contractors are quality-oriented in their business endeavours.   
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Table 8.8 Correlations among firms’ shared vision and vision, organizational structure and their operational flexibility 
Item 
Code 
Description SV1 SV2 SV3 SV4 OS1 OS2 OS3 F1 F2 F10 F11 F14 
SV1 Our firm encourages brainstorming sessions among employees to share new ideas 1.000    
        
SV2 Our firm provides support to employees to reach organizational goals .627** 1.000   
        
SV3 Employees are constantly informed on the firm’s business objectives   .415** .574** 1.000  
        
SV4 Employees’ involvement in charting the direction of the firm is the key toward our firm’s success .394* .436** .663** 1.000 
        
OS1 Our firms operates in a flexible work procedure -.071 -.183 -.258 .028 1.000        
OS2 Our firm adopts a more decentralized decision making process 
.022 .027 -.068 .119 .662** 1.000       
OS3 
Our firm has an open communication channel with 
flexible access to important information for decision 
making 
.071 .032 -.008 .010 .636** .591** 1.000      
F1 Ability to modify your firm’s operational structure .145 .175 -.004 -.021 -.137 .123 .041 1.000     
F2 Ability to integrate, construct and reshape your firm’s financial resources 
-.046 .005 -.083 .044 .086 .126 .043 .519** 1.000    
F10 Ability to construct facilities using different construction methods and materials 
.040 .205 .138 .003 -.279 -.057 -.232 .501** .346* 1.000   
F11 Ability to make decisions on non-routine and significant events which cannot be anticipated in advance 
.151 .290 .269 .074 -.205 -.025 -.052 .516** .410** .621** 1.000  
F14 Ability to integrate your internal functions with external firms in providing value-added services to clients 
.191 .146 -.089 -.125 -.089 -.029 -.197 .517** .561** .427** .511** 1.000 
Note: ** denotes correlation is significant at the 0.01 level (2-tailed); * denotes correlation is significant at the 0.05 level (2-tailed) 
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Table 8.9 Correlations between firms’ supply chain capabilities and their tactical 
flexibility 
Item 
Code Description SC2 SC3 SC4 SC5 SC6 F3 F4 F5 F7 
SC2 Ability to procure materials on a global basis 1.000         
SC3 Ability to improve the quality of construction services and products .538** 1.000        
SC4 Ability to attract repeat business from clients .294 .432** 1.000       
SC5 Ability to improve construction delivery speed . 518** .511** .564** 1.000      
SC6 
Ability to coordinate delivery 
requirement to meet clients’ need 
on a global basis 
.530** .408** .381* .487** 1.000     
F3 
Ability to change the number of 
employees in your business 
operation 
.152 .185 .032 .097 .201 1.000    
F4 Ability of your firm’s employees to handle multiple responsibilities .296 .292 .232 .292 .180 .515** 1.000   
F5 Ability to add and expand your business capacity efficiently .269 .380* .282 .146 .430** .622** .507** 1.000  
F7 
Ability to adopt a range of 
alternative logistics supports to 
operations 
.549** .417** .308 .285 .302 .315* .447** .429** 1.000 
Note: ** denotes correlation is significant at the 0.01 level (2-tailed); * denotes correlation is significant 
at the 0.05 level (2-tailed) 
 
8.3.3.2 Product leadership (X6.2 PLS) 
The negative influence of product leadership initiative (β = -0.284) on firms’ tactical 
flexibility can be partially explained in relation to the conservativeness of the majority 
of interviewees’ firms. Interviewees said that their firms are very cautious in product 
development, and would rather adopt a ‘wait-and-see’ approach, than advance into 
areas that they are not familiar with. Interviewee S33 highlighted that: 
Diversification is a hedging approach against uncertainty... but you need to 
know your trades in order to survive...going into areas which you are not 
familiar with can be very destructive...Indeed, this was one of the main 





The interviews revealed that firms are increasingly aware of the sunk cost incurred in 
product development (for example, major investment in machinery and equipment) 
(see Section 7.3.2.4). Table 8.10 shows the correlations between firms’ product 
leadership initiative and their tactical flexibility. It can be seen that B7 has significant 
negative correlations with F4 and F7, suggesting that the greater the firms’ 
investment on general multiple usage assets, the lower will be their employees’ 
ability to handle multiple responsibilities and their ability to adopt a range of 
alternative logistics supports to their core operations. One possible implication is that, 
when firms place too much emphasis on investment in general multiple usage assets 
for another line of business, they may lose the core competence (in terms of their 
employees’ skills and logistics supports) of their fundamental business.   
 
Table 8.10 Correlations between firms’ product leadership initiative and their tactical 
flexibility 
Item 
Code Description B7 B12 B16 F3 F4 F5 F7 
B7 
Investing on assets that have high 
liquidity value (e.g. general multiple-
usage equipment)  
1.000       
B12 Investing into R & D to further explore business opportunities .395* 1.000      
B16 Investing surplus funds into financial investments and property developments  .441** .604** 1.000     
F3 Ability to change the number of employees in your business operation -.256 -.128 -.152 1.000    
F4 Ability of your firm’s employees to handle multiple responsibilities -.335* -.032 -.164 .515** 1.000   
F5 Ability to add and expand your business capacity efficiently -.191 .046 -.126 .622** .507** 1.000  
F7 Ability to adopt a range of alternative logistics supports to operations -.429** .052 .072 .315* .447** .429** 1.000 
Note: ** denotes correlation is significant at the 0.01 level (2-tailed); * denotes correlation is significant 
at the 0.05 level (2-tailed) 
 
8.3.4 Direct impact on strategic flexibility (YSF) 
For firms’ strategic flexibility (YSF), four positive significant predictor constructs are 
detected (see Table 8.3). In order of importance, they are: (i) customer intimacy 
initiative (X6.2CIS) (β = 0.426); (ii) shared vision and value (X1SV) (β =0.332); (iii) cost 
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leadership initiative (X6.1CLS) (β = 0.312); and (iv) risk leadership initiative (X6.1RLS) 
(β =0.298). It should be noted that three out of the four determinants of firms’ 
strategic flexibility are the dimensions of the business strategies (X6) construct (i.e., 
customer intimacy, cost leadership, and risk leadership).   
 
8.3.4.1 Customer intimacy initiative (X6.2CIS) 
Tables 7.16 and 8.3 show that firms’ customer intimacy initiative (X6.2CIS), which 
leads to their strategic flexibility (YSF), is associated with: (i) forming joint-venture with 
other contractors (B2; FL = 0.741); (ii) forming partnership with clients (B3; FL = 
0.869); (iii) diversifying into different construction businesses (B4; FL = 0.621) and 
(iv) following clients abroad (B13; FL = 0.787). Many interviewees (approximately 
60%) recognized that it is very important for firms to develop and maintain intimate 
relationships with clients, especially the private sector clients, and shared the view 
that it is these established relationships that had lessened the impact of the 1997-
2005 economic downturn on their business operation. Interviewee S32 expressed 
that: 
During the bad times, one of our repeat clients approached us to construct its 
overseas factories...Of course, we followed them and constructed their 
overseas factories...I think we were approached by them mainly due to our 
established relationship and reputation...We built their factories in Singapore. 
Indeed, we are grateful that we have followed them to venture overseas... It 
opens up another business opportunity for us and now we are operating in 
that country by providing project management consultancy services to clients 
in the host country.       
 
Besides the above findings, Table 8.11 shows that there are significant positive 
correlations between firms’ customer intimacy initiative and their strategic flexibility. It 
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is found that F8 is positively correlated with B2, B3 and B13. All these indicate that 
interviewees’ firms are customer-oriented, emphasizing the importance of developing 
partnership relationships with their clients for effective business operation. Also, it is 
found that B3 has a significant positive correlation with F12, suggesting that building 
and forming partnership relationships with clients are important towards contractors’ 
efforts to explore and implement a range of procurement methods effectively. This is 
especially true since the introduction of a more integrated and relationship-based 
procurement approach (see Sections 2.4.3).  
 




Description B2 B3 B4 B13 F8 F12 F13 F15 
B2 
Forming joint-venture with other 
contractors to serve a group of targeted 
clients 
1.000        
B3 Forming partnership with clients .524** 1.000       
B4 Diversifying into different construction business .381* .435** 1.000      
B13 Following clients abroad                        .350* .544** .459** 1.000     
F8 Ability to operate effectively and profitably in different market conditions .371* .390* .299 .394* 1.000    
F12 
Ability to exploit a range of procurement 
options effectively (e.g., Design & Build 
and Construction Management) 
.278 .332* .051 .140 .370* 1.000   
F13 
Ability to provide a range of construction 
services (e.g., residential construction 
and property maintenance) 
.220 .249 .047 .196 .293 .522** 1.000  
F15 
Ability to respond to changes in delivery 
schedule due to unpredictable changes 
in client requirements 
.246 .267 .052 .093 .337* .450** .249 1.000
Note: ** denotes correlation is significant at the 0.01 level (2-tailed); *denotes correlation is significant 
at the 0.05 level (2-tailed) 
 
8.3.4.2 Shared vision and value (X1SV) 
Table 8.3 shows that shared vision and value (X1sv) is one of the key predictor 
constructs of strategic flexibility. Table 7.16 shows that a firm’s shared vision and 
value are significantly associated with the firm’s efforts: (i) to encourage employees 
to share new ideas (SV1; FL= 0.878); (ii) to provide supports to employees in 
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achieving its organizational goals (SV2; FL = 0.879); (iii) to update employees on its 
business objectives on a constant basis (SV3; FL = 0.719); and (iv) to seek 
employees’ contributions when charting its organizational direction (SV4; FL = 
0.578). Many interviewees agreed that a firm’s shared vision and value are vital to its 
continued existence on the basis that they affect employees’ commitment, and in turn 
determine the effectiveness of the firm’s business operations and implementation of 
change. This agrees with Verona (1999), who pointed out that without a shared 
vision, it is difficult for employees to commit and direct their learning towards a firm’s 
strategic goals.  Interviewee S26 pointed out that: 
It is important to take care of your firm’s employees. We do not just recruit 
and retrench people based on economic conditions…In the 1997-2005 
economic downturn, our company tried our best not to retrench employees or 
cut their salaries…Although we slashed our employees’ salaries as the last 
resort, this measure applied to the entire organization from top management 
to our clerical staff, including myself as vice-chairman of the firm. This was 
done to put forth our management commitment to tide over the difficult period 
as a big family. Besides this, we constantly updated our employees on the 
firm’s objectives and provided them with necessary support to reach them…  
 
Along with the above findings, it is found that there are significant positive 
correlations between the features of firms’ shared vision and value and their strategic 
flexibility (see Table 8.12). The results show that F12 is positively correlated with 
SV1, SV2 and SV3. Also, it is found that F13 and F15 are positively correlated with 
SV1. All these indicate that SV1 is an important feature relating to strategic flexibility; 
considering its relationships with three out of the four features of a firm’s strategic 
flexibility. One possible explanation is that a firm encourages its employees to 
interact and share new ideas, in its efforts to facilitate knowledge-sharing and 
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improve employees’ knowledge, for enhanced organizational abilities in: (i) exploiting 
a range of procurement options; (ii) providing a range of construction services; and 
(iii) responding to unpredictable changes.  
 




Description SV1 SV2 SV3 SV4 F8 F12 F13 F15 
SV1 
Our firm encourages brainstorming 
sessions among employees to share 
new ideas 
1.000        
SV2 Our firm provides support to employees to reach organizational goals .627** 1.000       
SV3 Employees are constantly informed on the firm’s business objectives   .415** .574** 1.000      
SV4 
Employees’ involvement in charting the 
direction of the firm is the key toward 
our firm’s success 
.394* .436** .663** 1.000     
F8 Ability to operate effectively and profitably in different market conditions .120 .007 .110 .124 1.000    
F12 
Ability to exploit a range of procurement 
options effectively (e.g., Design & Build 
and Construction Management 
.473** .338* .321* .023 .370* 1.000   
F13 
Ability to provide a range of construction 
services (e.g., residential construction 
and property maintenance) 
.387* .237 .270 .077 .293 .522** 1.000  
F15 
Ability to respond to changes in delivery 
schedule due to unpredictable changes 
in client requirements 
.335* .296 .182 .051 .337* .450** .249 1.000
Note: ** denotes correlation is significant at the 0.01 level (2-tailed); * denotes correlation is significant 
at the 0.05 level (2-tailed) 
 
8.3.4.3 Cost leadership initiative (X6.1CLS)  
Table 8.3 shows that a firm’s cost leadership (X6.1CLS) initiative plays a vital role in 
influencing its strategic flexibility (YSF). All interviewees recognized the need to 
assume a more active role in managing their project sites, company’s cash flow and 
procurement procedures, and setting limits on project size in order to remain 
strategically flexible in a changing business environment. Along with this, Table 8.13 










Description B9 B10 B14 B15 F8 F12 F13 F15 
B9 Implementing stricter financial management on company cash flow 1.000        
B10 
Setting limits on project size so that any 
failure of one project would not 
endanger the firm’s operation 
.350* 1.000       
B14 Implementing stricter site management to reduce material wastage .625** .507** 1.000      
B15 Implementing stricter procurement management  .411** .442** .435** 1.000     
F8 Ability to operate effectively and profitably in different market conditions .010 .213 .082 .044 1.000    
F12 
Ability to exploit a range of procurement 
options effectively (e.g., Design & Build 
and Construction Management 
.319* .213 .307 .049 .370* 1.000   
F13 
Ability to provide a range of construction 
services (e.g., residential construction 
and property maintenance) 
.430** .381* .433** .225 .293 .522** 1.000  
F15 
Ability to respond to changes in delivery 
schedule due to unpredictable changes 
in clients’ requirements 
.411** .355* .318* .438** .337* .450** .249 1.000 
Note: ** denotes correlation is significant at the 0.01 level (2-tailed); * denotes correlation is significant 
at the 0.05 level (2-tailed) 
 
It can be seen from Table 8.13 that F15 has statistically significant positive 
correlations with B9, B10, B14 and B15. Of these, B9, B10 and B14 are also found to 
have positive correlations with F13. This is followed by F12, having significant 
positive correlation with B9. Based on these, it appears that B9, B10 and B14 are 
important features relating to strategic flexibility since they are correlated with F13 
and F15 (i.e., two out of the four features of strategic flexibility). This phenomenon 
can be partly explained in relation to a firm’s effective business operation; where the 
firm places greater emphasis on: (i) site management for improved control of project 
costs (in terms of material usage); (ii) financial management for improved control of 
company cash inflow and outflow; and (iii) company project portfolio management, 
via setting limits on project size, for improved resource management within a multi-
project environment. Many interviewees (approximately 80%) shared the view that, 
through these practices, their firms achieve improved capabilities in response to 
unpredictable changes made by clients (for example, changes in design and material 
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requirement) and environmental impacts fuelled by the levels of wider economic 
activity. Some interviewees added that these practices help a firm to gain effective 
cash flow management without jeopardizing its business operations.   
 
8.3.4.4 Risk leadership initiative (X6.1RLS)   
Tables 7.16 and 8.3 show that a firm’s risk leadership initiative (X6.1RLS), which leads 
to strategic flexibility (YSF), is associated with the firm’s efforts: (i) to bid for more 
projects that are within its capabilities (B5; FL = 0.787); (ii) to create uncommitted 
financial resources (e.g., setting aside contingency funds) (B8; FL = 0.802); and (iii) 
to enter into forward contracts with suppliers and subcontractors (B11; FL = 0.845). 
The correlations between these three practices and firms’ strategic flexibility are 
shown in Table 8.14.   
 




Description B5 B8 B11 F8 F12 F13 F15 
B5 Bidding for more projects that are within the firm’s capabilities 1.000       
B8 Creating uncommitted financial resources (e.g., setting  aside contingency funds) .393* 1.000      
B11 
Entering into forward contracts with 
suppliers & subcontractors to protect the 
firm against cost escalation 
.545** .526** 1.000     
F8 Ability to operate effectively and profitably in different market conditions .325* .291 .203 1.000    
F12 
Ability to exploit a range of procurement 
options effectively (e.g., Design & Build and 
Construction Management) 
.372* .396* .352* .370* 1.000   
F13 
Ability to provide a range of construction 
services (e.g., residential construction and 
property maintenance) 
.322* .303 .215 .293 .522** 1.000  
F15 
Ability to respond to changes in delivery 
schedule due to unpredictable changes in 
client requirements 
.178 .280 .247 .337* .450** .249 1.000
Note: ** denotes correlation is significant at the 0.01 level (2-tailed); * denotes correlation is significant 
at the 0.05 level (2-tailed) 
 
Table 8.14 shows that a firm’s effort to bid for more projects within its capabilities 
(B5) is a key feature relating to its strategic flexibility, having significant positive 
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correlations with F8, F12 and F13 (three out of the four features of strategic 
flexibility). Its importance for a firm’s strategic flexibility is recognized by many 
interviewees, who pointed out that contractors who survived the deep downturn in the 
Singapore construction industry were those who have bid rationally and learnt from 
their counterparts who were forced out of the industry. One of the contractors 
mentioned by the interviewees was a G7 contractor (see Section 5.5.4 for elaboration 
of G7 contractors’ category) who competed fiercely and had more than 10 public 
sector projects (i.e., schools, hostels and camps) at the same time before it went into 
receivership. Interviewee S30 added that contractors have to consider the 
detrimental effect of intense competition and be very selective in their bidding 
decisions, especially during an economic downturn. This agrees with Hillebrandt et 
al. (1995), who found that ‘bidding for projects within a firm’s capabilities’ is one 
common practice adopted by their interviewees, who survived the 1989–1993 
downturn in the UK construction industry. All these may explain the significant 
positive correlation between B5 and F8.  
 
Also, the significant positive correlations among F12, B5, B8 and B11, as shown in 
Table 8.14, indicate that a firm’s efforts to bid for more projects within its capabilities, 
while creating uncommitted funds and entering into forward contracts with suppliers 
and subcontractors, may collectively contribute to the firm’s ability to exploit a range 
of procurement options effectively. From another perspective, these findings suggest 
that contractors should not undertake projects under different procurement options 
which are beyond their firms’ capabilities. In the event that their firms undertake 
projects under different procurement options, they should create contingency funds 
and enter into forward contracts with their suppliers and subcontractors to mitigate 
the impact of unanticipated events on the firms’ operations. These practices may be 
important because different procurement options involve different type of risks.  
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Some interviewees shared the view that overstretching a firm’s resources and 
capabilities had led to the liquidations of two Singapore contractors, denoted as 
Company X and Y, during the 1997 – 2005 economic downturn. In describing the 
business failure of Company X, Interviewee S6 noted that: 
The business failure of Company X was a self-destruction case. It undertook 
excessive number of D&B projects simultaneously in an attempt to improve its 
book value without giving much consideration to its resources and 
capabilities.  
 
For Company Y, Interviewee S41 pointed out that: 
The failure of Company Y was one of the reasons why his firm dismissed its 
intention to venture abroad. At one time, Company Y had undertaken two 
large overseas projects that involved civil engineering work along the 
coastline. Without having sufficient knowledge on the nature of project sites, it 
subsequently went into series of problems in designing and constructing the 
breakwaters and went bankrupt. 
 
The foregoing cases are in agreement with Smith’s (1986) discussion on the danger 
of ‘over-trading’ of work relating to a firm’s resources and capabilities. He observed 
that ‘over-trading’ could often increase contractors’ turnover (sales volume), but it 
could also lead to disaster if the contractors excessively overstretch their resources 
and capabilities. Likewise, these findings may help to explain the relationship 
between B5 and F13, in which contractors should not overstretch their capabilities by 
offering different construction services which they are unfamiliar with.  
 
The above discussion attests that a contractor’s risk and cost leadership initiatives 
are closely related, whereby the contractor should be risk and cost conscious in its 
strategic business management (see Section 8.5.6.3 further explanation). These may 
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further help to explain why a firm’s cost and risk leadership initiatives are classified 
under the same category of business strategies (see Table 7.4 and Section 7.3.2.2).  
 
8.4 Evaluation of structural model of PLS M2  
Similar to the evaluation process of PLS M1, the structural model of PLS M2 was 
examined by means of model trimming process and overall F-test prior to 
assessment of path coefficients and hypotheses testing. Considering the complexity 
of the PLS M2 that examines interactions of determinants in influencing 
organizational flexibility, the interpretation and discussion of findings of PLS M2 are 
discussed separately in Section 8.5.  
 
8.4.1 Model trimming process  
Figure 8.4 shows the original (or specified) PLS M2 that examines the interactions of 
constructs (or determinants) in influencing organizational flexibility with 65 paths. 
These paths were constructed among three independent and 11 dependent 
constructs. It can be seen that respective dependent constructs have R2 values 
ranging from 0.189 to 0.633. The operational flexibility (YOF) construct registers the 
highest R2 value, having 63.3% of its variance accounted for by its predictor 
constructs. The supply chain capabilities (X5) construct, on the other hand, registers 
the lowest R2 value, having only 18.9% of its variance accounted for by its predictor 
constructs.  
 
Nevertheless, all the reported R2 values have exceeded the threshold value of 0.10, 
indicating a satisfactory level of predictive power for the PLS M2. A model trimming 





Figure 8.4 The original PLS M2 
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Table 8.16 shows the standardized path coefficient, the correlation and the 
percentage of variance explained (PV explained) for each hypothesized relationships in 
the original PLS M2. As noted from the computed Pv explained values of respective 
paths in PLS M2, 23 out of the proposed 65 paths are found to be redundant, having 
their respective Pv explained values that range from 0.00% to 1.36%. Five redundant 
paths, being the highest number, are detected in the risk leadership dimension. This 
is followed by the product leadership (X6.2PLS) and cost leadership (X6.1CLS) 
dimensions with four and three redundant paths, respectively. It should be noted that 
the majority of the identified redundant paths are detected in the respective 
dimensions of firms’ business strategies (X6).   
 
For the same reason highlighted in the model trimming of PLS M1 (see Section 
8.2.1), it was decided to remove the 23 redundant paths in the recalculation of the 
model towards a parsimonious model with an improved level of predictive power. In 
this study, the inter-relationships among the constructs which were established 
based on the theoretical ground (see Chapter 4) are maintained in the trimmed PLS 
M2, with at least one arrow pointed towards the 11 predicted constructs upon the 
removal of the 23 redundant paths.  
 
Figure 8.5 shows the trimmed PLS M2 with the respective R2 values for individual 
predicted constructs. It can be seen that the majority of the R2 value of predicted 
constructs have varied slightly from the respective R2 value in the original PLS M2. 
For example, the R2 value of the cost leadership (X6.1CLS) dimension has dropped 
from 0.244 to 0.236, following the removal of two predictor constructs (i.e., firms’ 
commitment to learning (X1CL), and shared vision and value (X1SV)). The decrease 
can be explained because the two predictor constructs are close enough to zero to 
be dropped, even if they do contribute very little to the understanding of the variance 
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of the predicted construct. Nonetheless, it appears that all R2 values in the trimmed 
PLS M2 have exceeded the threshold value of 0.10, indicating substantial predictive 
power of respective paths. Also, the PV explained values for the trimmed PLS M2 in the 
last column of Table 8.15 indicate that all predictor constructs have now accounted 
for at least 1.5% of the variance in their respective predicted constructs.  
 
8.4.2 Overall F-test for R2 
Table 8.15 presents results of the overall F-test on the R2 values of individual 
predicted constructs in the PLS M2. An overall improvement is noted in the F-test 
statistics of the predicted constructs after the model trimming process. In particular, 
the corresponding F-test statistics for the cost leadership and product leadership 
dimensions have significantly improved from 1.524 to 2.786 and 1.546 to 3.395, 
respectively. It can be seen that the R2 values of these two predicted constructs are 
now statistically significant at p < 0.05 after the model trimming process. On the 
whole, all R2 values in the trimmed PLS M2 are statistically significant, indicating that 
the model substantially explains the variance in the predicted constructs, i.e., a 
model with relatively good predictive power.   
 
Table 8.15 Results of the overall F-test for R2 in PLS M2 
Description Original PLS M2 Trimmed PLS M2 
Predicted  constructs R2 F Significance 
(p) 
R2 F Significance 
(p) 
Organizational structure (X2) 0.276 3.431 0.018 0.261 6.718 0.003
Employees’ skills and behaviour (X3) 0.369 7.204 0.001 0.366 10.966 0.000
Technological capabilities (X4) 0.251 3.016 0.030 0.260 3.155 0.025
Supply chain capabilities (X5) 0.189 4.419 0.019 0.189 4.415 0.019
Cost leadership (X6.1CLS) 0.244 1.524 0.194 0.236 2.786 0.041
Risk leadership (X6.1RLS) 0.309 2.105 0.071 0.293 7.873 0.001
Customer intimacy (X6.2CIS) 0.510 4.914 0.001 0.511 5.931 0.000
Product leadership (X6.2PLS) 0.247 1.546 0.187 0.242 3.935 0.016
Operational flexibility (YOF) 0.633 6.903 0.000 0.614 9.030 0.000
Tactical flexibility (YTF) 0.396 2.627 0.025 0.369 4.096 0.005
Strategic flexibility (YSF) 0.531 4.529 0.001 0.531 6.415 0.000
 362 
 
Table 8.16 Results of structural model of PLS M2 before and after the model trimming process 
Original PLS M2 Trimmed PLS M2 
Hypothe

















⊗H2 Commitment to learning (X1CL) → Organizational structure (X2) -0.066 0.039 0.26% - - - 
⊗H2 Shared vision and value (X1SV) → Organizational structure (X2) -0.073 -0.043 0.31% -   - - 
H2 Open-mindedness (X1o) → Organizational structure(X2) 0.536 0.387 20.71% 0.511 0.386 19.71% 
H12 Technological capabilities (X4) → Organizational structure(X2) 
0.276 
 
-0.317 -0.177 5.62% 
0.261
-0.352 -0.176 6.20% 
H3 Commitment to learning (X1CL) → Employees’ skills and behaviour (X3)  0.554 0.600 33.24% 0.571 0.599 34.19% 
⊗H3 Shared vision and value (X1SV) → Employees’ skills and behaviour (X3) 0.048 0.301 1.46% - - - 
H3 Open-mindedness (X1o) → Employees’ skills and behaviour(X3) 
0.369 
0.094 0.314 2.96% 
0.366
0.112 0.319 3.57% 
H4 Commitment to learning (X1CL) → Technological capabilities (X4) -0.129 0.214 2.77% -0.117 0.216 2.52% 
H4 Shared vision and value (X1SV) → Technological capabilities (X4) 0.327 0.426 13.94% 0.330 0.438 14.46% 
H4 Open-mindedness (X1o) → Technological capabilities(X4) 0.215 0.351 7.53% 0.229 0.356 8.13% 
H8 Employees’ skills and behaviour (X3) → Technological capabilities(X4) 
0.251 
0.235 0.297 6.99% 
0.260
0.220 0.292 6.43% 
H9 Employees’ skills and behaviour (X3) → Supply chain capabilities (X5) 0.333 0.374 12.44% 0.339 0.375 12.72% 
H13 Technological capabilities (X4) → Supply chain capabilities (X5) 
0.189 
0.216 0.322 6.97% 
0.188
0.226 0.319 7.21% 
H5 Commitment to learning (X1CL) → Cost leadership (X6.1CLS) -0.312 -0.109 3.41% -0.269 -0.115 3.10% 
H5 Shared vision and value (X1SV) → Cost leadership (X6.1CLS) 0.212 0.145 3.08% 0.250 0.168 4.21% 








-0.204 -0.115 2.34% 
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Original PLS M2 Trimmed PLS M2 
Hypothe

















⊗H6 Organizational structure (X2) → Cost leadership (X6.1CLS) 0.036 -0.032 0.12% - - - 
⊗H10 Employees’ skills and behaviour (X3) → Cost leadership (X6.1CLS) 0.161 0.072 1.16% -   - - 
⊗H14 Technological capabilities (X4) → Cost leadership (X6.1CLS) -0.036 0.075 0.27% - - - 










0.447 0.327 14.64% 
⊗H5 Commitment to learning (X1CL) → Risk leadership (X6.1RLS) -0.049 0.106 0.52% - - - 
⊗H5 Shared vision and value (X1SV) → Risk leadership (X6.1RLS) 0.047 0.077 0.36% -   - - 
⊗H5 Open-mindedness (X1o) → Risk leadership (X6.1RLS) -0.033 0.181 0.61% - - - 
H6 Organizational structure (X2) → Risk leadership (X6.1RLS) 0.308 0.343 10.57% 0.341 0.343 11.69% 
⊗H10 Employees’ skills and behaviour (X3) → Risk leadership (X6.1RLS) 0.072 0.190 1.36% - - - 
⊗H14 Technological capabilities (X4) → Risk leadership (X6.1RLS) -0.108 0.007 0.07% -   - - 
H16 Supply chain capabilities (X5) → Risk leadership (X6.1RLS) 
0.309 
 
0.439 0.432 18.95% 
0.293
 
0.431 0.429 18.50% 
H5 Commitment to learning (X1CL) → Customer intimacy (X6.2CIS) -0.217 0.159 3.44% -0.216 0.156 3.36% 
H5 Shared vision and value (X1SV) → Customer intimacy (X6.2CIS) -0.129 0.190 2.46% -0.117 0.199 2.32% 
H5 Open-mindedness (X1o) → Customer intimacy (X6.2CIS) 0.257 0.469 12.06% 0.260 0.464 12.07% 
H6 Organizational structure (X2) → Customer intimacy (X6.2CIS) 0.107 0.181 1.94% 0.125 0.186 2.32% 
H10 Employees’ skills and behaviour (X3) → Customer intimacy (X6.2CIS) 0.326 0.423 13.78% 0.340 0.426 14.47% 
H14 Technological capabilities (X4) → Customer intimacy (X6.2CIS) 
0.510 
0.463 0.554 25.67% 
0.511
0.491 0.557 27.39% 
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Original PLS M2 Trimmed PLS M2 
Hypothe

















⊗H16 Supply chain capabilities (X5) → Customer intimacy (X6.2CIS) 0.048 0.303 1.44% - - - 
H5 Commitment to learning (X1CL) → Product leadership (X6.2PLS) -0.340 -0.196 6.66% -0.378 -0.191 7.21% 
⊗H5 Shared vision and value (X1SV) → Product leadership (X6.2PLS) -0.004 0.114 0.05% - - - 
H5 Open-mindedness (X1o) → Product leadership (X6.2PLS) 0.399 0.313 12.50% 0.384 0.319 12.26% 
⊗H6 Organizational structure (X2) → Product leadership (X6.2PLS) -0.019 0.061 0.11% - - - 
⊗H10 Employees’ skills and behaviour (X3) → Product leadership (X6.2PLS) -0.007 -0.085 0.06% -   - - 
H14 Technological capabilities (X4) → Product leadership (X6.2PLS) 0.154 0.210 3.24% 0.171 0.217 3.71% 







0.005 0.012 0.01% 
0.242
- - - 
⊗H7 Organizational structure (X2) → Operational flexibility (YOF) -0.144 -0.095 1.37% -   - - 
H11 Employees’ skills and behaviour (X3) → Operational flexibility (YOF) 0.457 0.607 27.70% 0.419 0.603 25.27% 
H15 Technological capabilities (X4) → Operational flexibility (YOF) 0.063 0.298 1.89% 0.101 0.293 2.97% 
H17 Supply chain capabilities (X5) → Operational flexibility (YOF) 0.348 0.602 20.95% 0.358 0.600 21.49% 
H18 Cost leadership (X6.1CLS) → Operational flexibility (YOF) 0.098 0.323 3.16% 0.123 0.322 3.96% 
H18 Risk leadership (X6.1RLS) → Operational flexibility (YOF) 0.120 0.343 4.12% 0.044 0.342 1.50% 
⊗H18 Customer intimacy (X6.2CIS) → Operational flexibility (YOF) -0.007 0.251 0.18% - - - 
H18 Product leadership (X6.2PLS) → Operational flexibility (YOF) 
0.633 
-0.209 -0.271 5.67% 
0.614
-0.229 -0.266 6.09% 
H7 Organizational structure (X2) → Tactical flexibility (YTF)  -0.236 -0.133 3.14%  -0.197 -0.133 2.62% 
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Original PLS M2 Trimmed PLS M2 
Hypothe

















H11 Employees’ skills and behaviour (X3) → Tactical flexibility (YTF) 0.123 0.314 3.87% 0.158 0.314 4.96% 
⊗H15 Technological capabilities (X4) → Tactical flexibility (YTF) -0.128 0.090 1.15% - - - 
H17 Supply chain capabilities (X5) → Tactical flexibility (YTF) 0.431 0.511 22.01% 0.415 0.504 20.93% 
⊗H18 Cost leadership (X6.1CLS) → Tactical flexibility (YTF) -0.026 0.163 0.42% - - - 
H18 Risk leadership (X6.1RLS) → Tactical flexibility (YTF) 0.069 0.244 1.68% 0.081 0.245 1.98% 
⊗H18 Customer intimacy (X6.2CIS) → Tactical flexibility (YTF) 0.091 0.144 1.31% - - - 
















-0.220 -0.271 5.96% 
⊗ H7 Organizational structure (X2) → Strategic flexibility (YSF) -0.007 0.160 0.11% - - - 
H11 Employees’ skills and behaviour (X3) → Strategic flexibility (YSF) 0.148 0.355 5.24% 0.154 0.353 5.43% 
⊗H15 Technological capabilities (X4) → Strategic flexibility (YSF) -0.004 0.211 0.08% - - - 
H17 Supply chain capabilities (X5) → Strategic flexibility (YSF) -0.091 0.311 2.83% -0.095 0.309 2.95% 
H18 Cost leadership (X6.1CLS) → Strategic flexibility (YSF) 0.333 0.475 15.81% 0.339 0.474 16.09% 
H18 Risk leadership (X6.1RLS) → Strategic flexibility (YSF) 0.335 0.501 16.79% 0.324 0.497 16.08% 
H18 Customer intimacy (X6.2CIS) → Strategic flexibility (YSF) 0.391 0.414 16.17% 0.384 0.414 15.90% 
H18 Product leadership (X6.2PLS) → Strategic flexibility (YSF) 
0.531 
-0.178 -0.120 2.13% 
0.531
-0.188 -0.117 2.19% 








8.4.3 Assessment of path coefficients and proposition testing 
Table 8.17 shows the standardized path coefficients, t-values and the statistical 
significance inferences for all paths in the trimmed PLS M2. A total of 20 out of the 42 
proposed paths are found to be statistically significant, supporting the hypothesized 
relationships among the constructs in this research. These paths are statistically 
significant at p < 0.05 level or less. Of these, four predictor constructs have negative 
path coefficients (i.e., negative impacts on the respective predicted constructs). The 
remaining 16 statistically significant path coefficients have positive impacts on their 
respective predicted constructs. Figure 8.5 is modified here as Figure 8.6, showing 
only the statistically significant paths in the trimmed PLS M2.  
 













(1) (2) (3) (4) (5) 
H2 Open-mindedness (X1O) → Organizational structure (X2) 0.511 3.764*** S 
H3 Commitment to learning (X1CL) → Employees’ skills and behaviour (X3) 0.571 5.553*** S 
H3 Open-mindedness (X1O) → Employees’ skills and behaviour (X3) 0.112 0.701 N.S 
H4 Commitment to learning (X1CL) → Technological capabilities (X4) -0.117 0.588 N.S 
H4 Shared vision and value (X1SV) → Technological capabilities (X4) 0.330 1.685* S 
H4 Open-mindedness (X1O) → Technological capabilities (X4) 0.229 1.203 N.S 
H5 Commitment to learning (X1CL) → Cost leadership (X6.1CLS) -0.269 1.926* S 
H5 Shared vision and value (X1SV) → Cost leadership (X6.1CLS) 0.250 1.432 N.S 
H5 Open-mindedness (X1O) → Cost leadership (X6.1CLS) -0.204 1.508 N.S 
H5 Commitment to learning (X1CL) → Customer intimacy (X6.2CIS) -0.216 1.347 N.S 
H5 Shared vision and value (X1SV) → Customer intimacy (X6.2CIS) -0.117 0.610 N.S 
H5 Open-mindedness (X1O) → Customer intimacy (X6.2CIS) 0.260 1.514 N.S 
H5 Commitment to learning (X1CL) → Product leadership (X6.2PLS) -0.378 2.276* S 
H5 Open-mindedness (X1O) → Product leadership (X6.2PLS) 0.384 2.163* S 
H6 Organizational structure (X2) → Risk leadership (X6.1RLS) 0.341 2.521** S 















(1) (2) (3) (4) (5) 
H7 Organizational structure (X2) → Tactical flexibility (YTF) -0.197 0.988 N.S 
H8 Employees’ skills and behaviour (X3) → Technological capabilities (X4) 0.220 1.398 N.S 
H9 Employees’ skills and behaviour (X3) → Supply chain capabilities (X5) 0.339 2.823** S 
H10 Employees’ skills and behaviour (X3) → Customer intimacy (X6.2CIS) 0.340 2.016* S 
H11 Employees’ skills and behaviour (X3) → Operational flexibility 0.419 3.209** S 
H11 Employees’ skills and behaviour (X3) → Tactical flexibility (YTF) 0.158 0.812 N.S 
H11 Employees’ skills and behaviour (X3) → Strategic flexibility (YSF) 0.154 0.897 N.S 
H12 Technological capabilities (X4) → Organizational structure (X2) -0.352 2.673** S 
H13 Technological capabilities (X4) → Supply chain capabilities (X5) 0.226 1.449 N.S 
H14 Technological capabilities (X4) → Customer intimacy (X6.2CIS) 0.491 3.237** S 
H14 Technological capabilities (X4) → Product leadership (X6.2PLS) 0.171 0.637 N.S 
H15 Technological capabilities (X4) → Operational flexibility (YOF) 0.101 0.578 N.S 
H16 Supply chain capabilities (X5) → Cost leadership (X6.1CLS) 0.447 2.503** S 
H16 Supply chain capabilities (X5) → Risk leadership (X6.1RLS) 0.431 3.691*** S 
H17 Supply chain capabilities (X5) → Operational flexibility (YOF) 0.358 2.514** S 
H17 Supply chain capabilities (X5) → Tactical flexibility (YTF) 0.415 2.114* S 
H17 Supply chain capabilities (X5) → Strategic flexibility (YSF) -0.095 0.704 N.S 
H18 Cost leadership (X6.1CLS) → Operational flexibility (YOF) 0.123 1.167 N.S 
H18 Risk leadership (X6.1RLS) → Operational flexibility (YOF) 0.044 0.409 N.S 
H18 Product leadership (X6.2PLS) → Operational flexibility (YOF) -0.229 2.008* S 
H18 Risk leadership (X6.1RLS) → Tactical flexibility (YTF) 0.081 0.323 N.S 
H18 Product leadership (X6.2PLS) → Tactical flexibility (YTF) -0.220 1.563 N.S 
H18 Cost leadership (X6.1CLS) → Strategic flexibility (YSF) 0.339 1.767* S 
H18 Risk leadership (X6.1RLS) → Strategic flexibility (YSF) 0.324 1.838* S 
H18 Customer intimacy (X6.2CIS) → Strategic flexibility (YSF) 0.384 2.772** S 
H18 Product leadership (X6.2PLS) → Strategic flexibility (YSF) -0.188 1.092 N.S 
NB: *** denotes significant at p <0.001; ** denotes significant at p < 0.01; * denotes significant at 
p <0.05 (one-tailed). Under the inference column (fifth column), the abbreviation S and N.S are 
referred as hypothesis supported and not supported, respectively. 














Figure 8.6 Significant paths within the trimmed PLS M2  
Legend:  ٛ = standardized path coefficient; p = t-value  
 370 
 
8.5 Interpretation and discussion of findings 
This section focuses on interpretation and discussion of the interaction effects 
between firms’ resources, capabilities and business strategies, and how these effects 
collectively influence firms’ organizational flexibility. Similar to PLS M1, interview 
findings have been integrated into the respective sections to supplement the 
discussion. Also, all observed predictive relationships were explained in relation to 
the measurement items of the respective predictor and predicted constructs reported 
in Table 7.17.  
 
8.5.1 Predictors of organizational structure (X2)  
8.5.1.1 Open-mindedness (X1O) 
Table 8.17 shows that the attribute of open-mindedness (X1O) has a positive 
influence on firms’ organizational structure (X2), posing a path coefficient of 0.511 
(H2 - Organizational learning culture (X1) has a significant direct impact on 
organizational structure (X2)). This phenomenon can be partly explained by the 
significant positive correlations between firms’ open-mindedness and their 
organizational structure (see Table 8.18). The findings indicate that firms with a 
higher degree of open-mindedness is more likely to have a more flexible 
organizational structure, as exemplified by their approaches in encouraging 
employees’ involvement in decision-making process (O1) and adapting freely to 
changes within the environment without much concern to past practices and 
management practices (O3). These approaches are important to an organizational 
structure that facilitates: (i) flexible working procedures (OS1); (ii) decentralized 
decision-making processes (OS2); and (iii) easy access to important information for 









Description O1 O2 O3 OS1 OS2 OS3 
O1 Our firm encourages participative decision making among employees 1.000      
O2 Our firm promotes open communication among subordinates and superiors .615** 1.000     
O3 
Our firm adapts freely to changes within the 
industry without much concern to past 
practices and management practices 
.656** .607** 1.000    
OS1 Our firm operates in a flexible work procedure .345* .073 .316* 1.000   
OS2 Our firm adopts a more decentralized decision making process .490** .218 .460** .662** 1.000  
OS3 
Our firm has an open communication 
channel with flexible access to important 
information for decision making 
.402** .137 .253 .636** .591** 1.000 
Note: ** denotes correlation is significant at the 0.01 level (2-tailed); * denotes correlation is significant at 
the 0.05 level (2-tailed) 
 
The impact of firms’ open-mindedness on organizational structure is further 
examined based on the: (i) type of organizational planning approach; (ii) leadership 
style; (iii) organizational hierarchical level; and (iv) organizational structure system of 
the interviewees’ firms. Table 8.19 shows the interviewees’ firms organizational 
planning approach and leadership style in a matrix form. According to Volberda 
(1998), the leadership style usually symbolizes the directing and collaborating 
behaviour of a firm. A directing or task-oriented behaviour emphasizes an instructive 
style of one-way communication and management control, while a collaborating or 
relation-oriented behaviour emphasizes consultative, participative and delegation 
styles of two-way communication, focusing on mutual relationship and employees’ 
involvement in decision-making process. The results show that the majority of 
interviewees’ firms (approximately 70%) are embracing consultative and participative 
leadership styles that emphasize maintaining a balance between directing and 
collaborating behaviour. This suggests that these firms are relatively open-minded 





Table 8.19 Organizational planning approach and leadership style of interviewees’ 
firms 
Number of firms (% of firms) 




stable goals and 
integrated plan 
Proactive: establishing 




















style  - - - - 








Although a small group of contractors (i.e., 12 out of 41) embraced the instructive 
leadership style (i.e., more directing and less collaborating behaviour), it appears that 
these firms have demonstrated a certain degree of open-mindedness since most of 
them (i.e., 8 out of 12) adopt either a proactive or interactive planning approach. The 
former involves contractors in establishing a broad goal and planning incrementally 
with short-term aim, while the latter involves contractors to plan iteratively and 
interactively in accordance with the business environment (i.e., keeping all options 
open). It therefore appears that this group of contractors is able to re-position 
themselves in a timely manner to changes within the business environment.  
 
The next issue to examine is the hierarchical level and structural configuration of 
interviewees’ firms (see Table 8.20). The organizational hierarchy was computed 
based on the line of authority stemming from a line manager. It can be seen that the 
organizational hierarchical levels range from two to six with a mode of four, 
suggesting that most interviewees’ firms have relatively thin lines of communication 
among managers. Also, it is found that the matrix configuration is one of the most 
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commonly adopted structural configurations among interviewees’ firms (i.e., 20 out of 
41). This indicates that most interviewees’ firms possess a high degree of flexibility 
potential in their organizational structure, enabling them to respond flexibly to 
changes within the business environment (see Section 4.3.3.4). Although there may 
be an issue of power structure between managers within a matrix configuration, as 
suggested by Volberda (1998), many interviewees do not consider the power 
structure issue as a major problem in their workplace. From their perspective, 
conflicts are unavoidable in human-to-human interactions. They shared the view that 
healthy conflict can be constructive. This agrees with Lencioni (2007), who 
expressed that employees do not make a solid commitment towards organizational 
plans and decisions without healthy conflict. 
 
Table 8.20 Hierarchical levels and structural configurations of interviewees’ firms  




2 3 4 5 6 Total 
Sole trader (S) 1 1 1 - - 
3  
(7.32%) 
Functional (F) 1 5 3 4 1 
14 
(34.15%) 
Divisional (D) - - - - - - 
Matrix (M) - 3 10 4 3 
20 
(48.78%) 
F + D - - - 1 - 
1  
(2.44%) 
















8.5.1.2 Technological capabilities (X4) 
The other predictor of organizational structure (X2), as shown in Table 8.17, is 
technological capabilities (X4), posing a path coefficient of -0.352 (H12 - 
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Technological capabilities (X4) have a significant direct impact on organizational 
structure (X2)). As can be seen from Table 7.17, a firm’s technological capabilities 
are associated with various features (for example: a firm’s ability to communicate and 
share real time information among supply chain parties (IT1; FL = 0.869), and among 
all decision makers and employees regardless of geographic dispersion (IT2; FL = 
0.861)).  
 
Table 8.21 shows the correlations between firms’ technological capabilities and their 
organizational structure. It is found that IT2 has a significant negative correlation with 
OS3, indicating that a firm’s ability to communicate and share real time information 
among all decision makers and employees negate the firm’s effort to create an open 
communication channel with flexible access to important information for decision 
making. This may show the deficiency of a firm’s technological capabilities to support 
its effort to create an open communication platform with flexible access to important 
information for decision making (see Section 8.5.3).  
 




Description IT1 IT2 IT3 IT4 PT1 PT2 PT3 OS1 OS2 OS3
IT1 
Ability to communicate and share real 
time information among supply chain 
parties regardless of geographic 
dispersion   
1.000          
IT2 
Ability to communicate and share real 
time information among all decision 
makers and employees regardless of 
geographic dispersion 
.799** 1.000         
IT3 
Ability to retrieve information, i.e., 
regarding past/existing projects, from 
the company database in a timely 
manner regardless of geographic 
dispersion 
.594** .606** 1.000        
IT4 
Ability to disseminate information and 
link similar information, providing 
decision makers with the most up-to-
date and accurate information regarding 
changing environmental contingencies 





Description IT1 IT2 IT3 IT4 PT1 PT2 PT3 OS1 OS2 OS3
PT1 
Ability to adopt different construction 
process technologies (e.g., construction 
methods and materials) to satisfy 
clients’ requirements 
.558** .580* .535** .654** 1.000      
PT2 
Ability to apply different process 
technology software (e.g. ,estimating 
and purchasing software) to improve 
firm’s operational process 
.536** .585** .398* .534** .639** 1.000     
PT3 
Ability to lead in process technology 
innovation (e.g., computer aided 
program in analyzing indoor thermal 
condition) to gain competitive 
advantage 
.647** .470** .496** .498** .565** .424** 1.000    
OS1 Our firms operates in a flexible work procedure -.152 -.168 -.083 -.102 -.045 -.019 .003 1.000   
OS2 Our firm adopts a more decentralized decision making process -.149 -.197 .033 -.095 -.134 -.104 .014 .662** 1.000  
OS3 
Our firm has an open communication 
channel with flexible access to 
important information for decision 
making 
-.208 -.324* -.121 -.185 -.124 -.091 -.202 .636** .591** .1.000
Note: ** denotes correlation is significant at the 0.01 level (2-tailed); * denotes correlation is significant at the 
0.05 level (2-tailed). 
 
From another perspective, the negative influence of firms’ technological capabilities 
on their organizational structure may be partially explained by the ownership of the 
majority of interviewees’ firms (see Section 8.3.2). The interviews revealed that firms 
have placed a certain degree of restrictions on employees’ access to company 
information and records. These restrictions impede an organizational structure that 
facilitates flexible working procedures and decentralized decision-making processes. 
Interviewee S14, who is a managing director of an A1 contractor, explained that: 
Controlling employees’ access to company information and records is 
important to prevent any unauthorized information transmission. This 
precautionary measure is needed because of high employee turnover in the 
industry. More importantly, it also prevents any possible collusion between 




8.5.2 Predictors of employees’ skills and behaviour   
Table 8.17 shows that a firm’s commitment to learning (X1CL) is a significant predictor 
of its employees’ skills and behaviour (X3), posing a path coefficient of 0.571 (H3 - 
Organizational learning culture (X1) has a significant direct impact on employees’ 
skills and behaviour (X3)). This finding agrees with Sinkula et al. (1997), who found 
that top management commitment to create an environment that is more instrumental 
and conducive to learning is an important factor in influencing employees’ skills and 
behaviour.  
 
In this study, a firm’s commitment to learning is associated with its efforts to create a 
working environment, where: (i) employees’ training and learning are seen as an 
investment rather than an expense (CL1; FL = 0.855); (ii) performance mistakes are 
seen as opportunities for learning and development (CL2; FL = 0.716); and (iii) 
employees’ learning is the key towards the firm’s success in response to changes 
within the industry (CL3; FL = 0.845) (see Table 7.17). Table 8.22 shows that these 
organizational endeavours have significant positive correlations with employees’ 
skills and behaviour. It can be seen that CL1, CL2 and CL3 are positively correlated 
with employees’ abilities: (i) to work in a team environment (ESB2); (ii) to perform a 
diverse range of tasks and responsibilities (ESB5); and (iii) to gain customer 
satisfaction (ESB6). One possible explanation is that employees will feel motivated to 
work in a team environment, which promotes learning and a “no-blame” attitude, and 
are willing to share and perform diverse ranges of tasks and responsibilities towards 







Table 8.22 Correlations between firms’ commitment to learning and their employees’ 
skills and behaviour 
Item 
Code Description CL1 CL2 CL3 ESB1 ESB2 ESB4 ESB5 ESB6 ESB8
CL1 
Employees training and learning 
are seen as investment rather than 
expenses 
1.000         
CL2 
Performance mistakes are seen as 
opportunities for learning and 
development 
.418** 1.000        
CL3 
Our ability to learn is the key 
towards our firm’s success in 
response to changes within the 
industry 
.564** .464** 1.000       
ESB1 Ability to adopt an open-mindset to all alternative .282 .323* .351* 1.000      
ESB2 Ability to work in a team environment .332* .367* .333* .643** 1.000     
ESB4 Ability to learn and adapt to different business conditions .502** .252 .291 .463** .597** 1.000    
ESB5 Ability to perform a diverse range of tasks and responsibilities .329* .402** .352* .351* .575** .518** 1.000   
ESB6 Ability to gain customer satisfaction .400** .348* .481** .290 .391* .413** .423** 1.000  
ESB8 Ability to work independently .467** .246 .324* .477** .576** .431** .326* .377* 1.000
Note: ** denotes correlation is significant at the 0.01 level (2-tailed); * denotes correlation is significant at 
the 0.05 level (2-tailed) 
 
Similarly, the statistically significant positive correlations among CL2, CL3, and ESB1 
may be explained by a working environment that promotes “no-blame” and 
“continuous improvement” cultures. Employees will feel motivated and be 
adventurous in exploring new and different alternatives (for example, ideas, 
technologies and processes) in search of new opportunities or better solutions. In 
fact, this helps to avoid the problem of ‘active inertia’ (see Section 3.9.1). In addition, 
employees may become more willing to learn and adapt to different conditions 
following their firm’s strategic direction (see Section 8.3.1.1).  
 
Relationships between firms’ human resource management practices and their 
employees’ skills and behaviour are now presented. In this study, human resource 
management practices are classified under: (i) competence development; (ii) stress 
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management; (iii) performance management; (iv) intra-organizational relationship 
management  
 
8.5.2.1 Competence development (C) 
Table 8.23 shows the correlations between firms’ competence development practices 
and their employees’ skills and behaviour. It is found that C6 ‘offering on-job 
trainings’ has significant positive correlations with all features of a firm’s employees’ 
skills and behaviour. Many interviewees shared the view that it is important to offer 
on-the-job training to their employees because it provides necessary organizational 
support for the employees’ continuous skills development and more importantly, it 
shows the firms’ commitment to create a shared vision and value environment, and 
thus offering them ‘a sense of belonging’ in the organizations.  
 
As for the significant positive correlations among C10, ESB2, ESB5 and ESB6, these 
may indicate that firms encourage their employees to attend continuing professional 
development and qualification courses, and expect them to socialize with external 
professional and update their knowledge on current operational and management 
issues. All these may, in turn, lead to improved employees’ abilities to perform 
diverse ranges of tasks and responsibilities within a team environment. In terms of 
C13 ‘subsidizing tuition fees of self-upgrading courses and seminars attended by 
employees’, many interviewees (approximately 80%) shared the view that this 
practice is commonly adopted by their firms in rewarding employees’ loyalty to the 
firms, in addition to their competence development. Interviewees pointed out that the 
amount of subsidy is largely dependent on the employees’ performance and tenure, 
and usually amounts to 50% of the tuition fees. 
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Table 8.23 Correlations between firms’ competence development and their employees’ skills and behaviour  
Item 
Code 
Description ESB1 ESB2 ESB4 ESB5 ESB6 ESB8 C6 C7 C8 C9 C10 C11 C12 C13 
ESB1 Ability to adopt an open-mindset to all alternative 1.000              
ESB2 Ability to work in a team environment .643** 1.000             
ESB4 Ability to learn and adapt to different business conditions .463** .597** 1.000            
ESB5 Ability to perform a diverse range of tasks and responsibilities .351* .575** .518** 1.000           
ESB6 Ability to gain customer satisfaction .290 .391* .413** .423** 1.000          
ESB8 Ability to work independently .477** .576** .431** .326* .377* 1.000         
C6 Providing on-the-job training to improve employees’ skills .390* .603** .386* .536** .440** .328* 1.000        
C7 Offering job rotation programme to broaden versatility of its employees -.091 -.046 .070 .125 .252 -.273 .281 1.000       
C8 
Practising job enrichment programme to 
encourage employees to take higher responsibility 
role 
-.249 .048 -.137 -.115 .132 .006 .462** .188 1.000      
C9 Offering day release scheme to attend part-time courses in institution .183 .252 .118 .303 .239 .149 .461** -.036 .544** 1.000     
C10 
Allowing employees to take day off for their 
continual professional development and 
professional qualification course 
.229 .459** .129 .398** .348* .214 .624** .182 .535** .613** 1.000    
C11 Implementing mentoring scheme to support new recruits and recently promoted employees .121 .266 .122 .046 .283 .179 .506** .132 .655** .541** .597** 1.000   
C12 Collaborating with management institute for employees training -.008 .175 .206 .193 .202 .208 .257 .278 .293 .335* .234 .399** 1.000  
C13 Subsidizing tuition fees of self-upgrading courses and seminars attended by employees .205 .233 .163 .307 .371* .206 .557** .149 .422** .690** .597** .542** .306 1.000 
Note: ** denotes correlation is significant at the 0.01 level (2-tailed); * denotes correlation is significant at the 0.05 level (2-tailed) 
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8.5.2.2 Stress management (SM) 
Table 8.24 shows the correlations between firms’ stress management practices and 
their employees’ skills and behaviour. Of the four stress management practices, only 
SM2 and SM4 are found to have significant positive correlations with respective 
features of a firm’s employees’ skills and behaviour. It can be seen that SM4 
‘implementing personal counselling program’ is an important practice relating to 
employees’ skills and behaviour, considering its significant positive correlations with 
ESB6 and ESB8. Most interviewees shared the view that private discussion, either 
through an informal or formal session, is a good way for superiors to counsel 
subordinates who are distressed or frustrated due to personal or work-related 
reasons. They explained that this practice encourages superiors to guide their 
subordinates with different alternatives to problem-solving and more importantly, it 
offers superiors a way to resolve conflicts between subordinates from the same or 
different departments. All these help to lessen employees’ emotional frustration and 
resistance to change towards work-related issues and practices, and thus do not 
affect their abilities to perform their tasks and work independently and effectively.  
 
Table 8.24 Correlations between firms’ stress management practices and their 
employees’ skills and behaviour 
Item 
Code Description ESB1 ESB2 ESB4 ESB5 ESB6 ESB8 SM1 SM2 SM3 SM4 
ESB1 Ability to adopt an open-mindset to all alternative 1.000          
ESB2 Ability to work in a team environment .643** 1.000         
ESB4 Ability to learn and adapt to different business conditions .463** .597** 1.000        
ESB5 
Ability to perform a diverse 
range of tasks and 
responsibilities 
.351* .575** .518** 1.000       
ESB6 Ability to gain customer satisfaction .290 .391* .413** .423** 1.000      
ESB8 Ability to work independently .477** .576** .431** .326* .377* 1.000     
SM1 Allowing employees to take time-off .094 .065 .112 .082 .025 .165 1.000    
SM2 Organizing stress coping and management courses .108 -.011 .216 .049 .331* .274 .464** 1.000   




Code Description ESB1 ESB2 ESB4 ESB5 ESB6 ESB8 SM1 SM2 SM3 SM4
SM4 Implementing personal counselling programs .119 .164 .242 .177 .441** .401** .358* .699** .331* 1.000
Note: ** denotes correlation is significant at the 0.01 level (2-tailed); * denotes correlation is significant 
at the 0.05 level (2-tailed) 
 
8.5.2.3 Performance management (PM) 
Table 8.25 shows the correlations between firms’ performance management 
practices and their employees’ skills and behaviour. It can be seen that four out of 
the five performance management practices have significant positive correlations 
with respective features of employees’ skills and behaviour. PM1 and PM3, which 
provide opportunity for networking among employees, are found to have a significant 
positive correlation with employees’ ability to work as a team (ESB2). Interviewees 
shared the view that informal gatherings can take the form of: (i) buffet lunches upon 
completion of major project milestones; (ii) annual company dinner; and (iii) monthly 
dinner meetings. One-third of the interviewees added that sending birthday cards and 
cakes to respective employees is another effective approach to recognize 
employees’ performance as well as improve employer-employee relationship. 
Although PM3 is found to have positive correlations with ESB2 and ESB4, 
interviewees shared the view that it is difficult to organize and gather all employees 
for an overseas trip since employees are often assigned to different projects that 
have different construction agendas. Therefore, they pointed out that an overseas trip 
is used as a mechanism to reward individual teams for their project performance, 
which is determined by four criteria: (i) cost; (ii) time; (iii) quality; and (iv) customer 








Table 8.25 Correlations between firms’ performance management and employees’ 
skills and behaviour  
Item 
Code Description ESB1 ESB2 ESB4 ESB5 ESB6 ESB8 PM1 PM2 PM3 PM4 PM5
ESB1 Ability to adopt an open-mindset to all alternatives 1.000           
ESB2 Ability to work in a team environment .643** 1.000          
ESB4 Ability to learn and adapt to different business conditions .463** .597** 1.000         
ESB5 Ability to perform a diverse range of tasks and responsibilities .351* .575** .518** 1.000        
ESB6 Ability to gain customer satisfaction .290 .391* .413** .423** 1.000       
ESB8 Ability to work independently .477** .576** .431** .326* .377* 1.000      
PM1 
Organizing informal gathering to 
recognize employees' 
achievement 
.274 .368* .276 .122 .250 .401** 1.000     
PM2 Providing flexible compensation plan to motivate employees .277 .306 .293 -.007 -.031 .214 .654** 1.000    
PM3 
Organizing company trips to 
reward employees’ contributions 
to firms’ performance 
.266 .315* .352* .176 .098 .287 .532** .523** 1.000   
PM4 
Conducting staff performance 
appraisal exercise as a formal 
means of discussing, identifying 
and recording their training needs 
.293 .476** .330* .358* .246 .272 .683** .663** .568** 1.000  
PM5 Offering career development and promotion .319* .363* .371* .136 -.010 .257 .739** .759** .609** .789** 1.000
Note: ** denotes correlation is significant at the 0.01 level (2-tailed); * denotes correlation is significant at the 
0.05 level (2-tailed) 
 
Also, the significant positive correlations among PM4, ESB2, ESB4 and ESB5, as 
shown in Table 8.25, may indicate that a firm’s effort to conduct staff performance 
and training appraisal exercises plays an important role in developing its employees’ 
abilities: (i) to work in a team environment; (ii) to learn and adapt to different business 
conditions; and (iii) to perform a diverse range of tasks and responsibilities. Many 
interviewees (approximately 66%) emphasized the importance of an evaluation 
exercise to determine employees’ performance and training needs, and added that 
the evaluation exercise has to align with a firm’s guiding principle, reflecting and 
identifying the type of training and employees’ skills and behaviour necessitated in 
meeting the firm’s strategic direction. As for PM5 ‘offering career development and 
promotion’, some interviewees (approximately 37%) pointed out that this practice 
shows signs of a firm’s appreciation and commitment to employees’ achievement 
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and development, and has both direct and indirect influences on employees’ skills 
and behaviour. They explained that this practice will directly shape employees’ 
commitment, and thus indirectly encourage them to learn about and adapt to the 
firm’s business decision.   
 
8.5.2.4 Intra-organizational relationship management (RM) 
Table 8.26 shows the correlations between firms’ intra-organizational relationship 
management practices and their employees’ skills and behaviour. It can be seen that 
RM2 is positively correlated with five out of the six features of employees’ skills and 
behaviour, which place emphasis on multi-skilled employees who can work 
independently and as team members (i.e., ESB1, ESB2, ESB4, ESB5 and ESB8). 
Many interviewees agreed that conducting regular weekly meetings is the most 
effective approach to share, update and discuss operational issues, and thus 
improve the interaction among superiors and subordinates and minimize the 
likelihood of unnecessary conflicts. All these may lead to improved intra-
organizational relationships; individual employees work, learn, adapt and strive 
cohesively for a firm’s continued existence. This agrees with Raiden and Dainty 
(2006), who found that regular weekly meetings between senior managers and 
directors would encourage innovation and sharing of good practices, which in turn 
improve a firm’s business performance.  
 
Table 8.26 Correlations between employees’ skills and behaviour and firms’ intra-
organizational relation management  
Item 
Code Description ESB1 ESB2 ESB4 ESB5 ESB6 ESB8 RM1 RM2 RM3 RM4 RM5
ESB1 Ability to adopt an open-mindset to all alternative 1.000           
ESB2 Ability to work in a team environment .643** 1.000          
ESB4 Ability to learn and adapt to different business conditions .463** .597** 1.000         




Code Description ESB1 ESB2 ESB4 ESB5 ESB6 ESB8 RM1 RM2 RM3 RM4 RM5
ESB6 Ability to gain customer satisfaction .290 .391* .413** .423** 1.000       
ESB8 Ability to work independently .477** .576** .431** .326* .377* 1.000      
RM1 Encouraging face to face communication among employees .377* .195 .264 .106 .189 .306 1.000     
RM2 
Conducting regular meetings 
among subordinates and 
superiors 
.401** .363* .345* .348* .230 .329* .807** 1.000    
RM3 
Implementing survey feedback 
programmes to track the well-
being of employees 
.348* .202 .311* .100 .313* .264 .632** .660** 1.000   
RM4 Conducting induction programmes for all new recruits .358* .233 .297 .249 .153 .172 .673** .832** .624** 1.000  
RM5 Encouraging regular meetings among employees & SC parties .199 .096 .132 .180 .126 .082 .719** .699** .671** .576** 1.000
Note: ** denotes correlation is significant at the 0.01 level (2-tailed); * denotes correlation is significant at the 
0.05 level (2-tailed) 
 
As for the correlations among RM3, ESB1, ESB4 and ESB6 (see Table 8.26), this 
may indicate that a firm’s effort to implement a survey feedback programme could 
help the firm to assess its employees’ job satisfaction and identify their concerns that 
may have affected their performance. Based on the feedback obtained, the firm may 
implement several practices or provide necessary support to employees, in exchange 
for better employees’ performance, in terms of their abilities: (i) to learn and adapt to 
different business conditions; (ii) to gain customer satisfaction; and (iii) to adopt an 
open-mindset to all alternatives. Many interviewees agreed that it is important for 
their firms to track the well-being of their employees for improved business 
performance. Most interviewees’ firms (approximately 73%) have conducted their 
employees’ feedback programme on a semi-annual basis. This agrees with Lansley 
et al. (1979), who found that a firm that looks after its employees’ welfare is likely to 
exhibit a higher degree of flexibility potential in response to changes within its 
business environment 
 
Likewise, Table 8.26 shows that ESB1, is the only feature of employees’ skills and 
behaviour, which has significant positive correlations with four out of the five 
relationship management practices (i.e., RM1 to RM4). These results indicate the 
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importance of these four practices in relation to employees’ ability to adopt an open-
mindset. The interviews revealed that the employees’ ability to adopt an open-
mindset to alternatives is increasingly appreciated by many interviewees’ firms 
(approximately 90%). Interviewees shared the view that employees’ open-mindset is 
the key towards continuous improvement, which could affect a firm’s business 
performance in a changing business environment. They added that practices such as 
conducting induction programmes and weekly meetings among superiors and 
subordinates are some ways to train employees to have an open-mindset. 
Interviewees S32 expressed that:  
The only way to indoctrinate people to have an open-mind is to keep 
reminding them during weekly meetings or brain-storming sessions…This is 
the key to inducing flexible thinking into my employees. It is important for 
employees to think flexibly and not to have preconceived solutions to any 
events. The preconceived solutions could restrict the employees’ capabilities 
to excel in their tasks since they do not think “beyond the box or comfort 
zone”. Therefore, an open-mindset is the first step to realizing employees’ 
potential and a key toward achieving better business performance. 
 
8.5.3 Predictors of technological capabilities (X4) 
Among the three organizational learning culture (X1) dimensions shown in Table 
8.17, the attribute of shared vision and value (X1SV) is the only dimension that has a 
statistically significant positive influence on a firm’s technological capabilities (X4), 
posing a path coefficient of 0.330 (H4 - Organizational learning culture (X1) has a 
significant direct impact on technological capabilities (X4)). This may indicate that 
firms with higher levels of shared vision and value are likely to possess superior 
technological capabilities. Many interviewees shared the view that top management 
commitment to create an environment that promotes shared vision and value is the 
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key towards realizing the desired level of technological capabilities within a firm. This 
agrees with Carlsson (1989), who emphasized that effective implementation and 
capitalization of a firm’s technological capabilities depends on its top management 
commitment to make the desired difference. Corresponding to this, Interviewee S1 
pointed out that: 
Having up-to-date information and communication technological (ICT) system 
and a group of employees who possess certain level of ICT knowledge are 
beneficial to a firm’s operation. However, management attitude plays the key 
towards effective system implementation. In the case where firms’ top 
management is conservative in their information administration approach (for 
example, middle- and low-level managers are not given the access to 
necessary information for decision-making), the benefits of ICT system 
cannot be fully realized.  
 
Table 8.27 shows the correlations between firms’ shared vision and value and their 
technological capabilities. It can be seen that SV1 has significant positive correlations 
with most features of a firm’s technological capabilities (i.e., IT1, IT2, IT3, IT4 and 
PT2). This is followed by SV2 and SV3, which are positively correlated with IT1 and 
IT4, respectively. The results indicate that a firm’s effort to encourage knowledge-
sharing and interactive learning, via brainstorming sessions, is highly related to the 
firm’s technological capabilities. One possible explanation is that a firm, which 
emphasizes employees’ knowledge-sharing for improved expertise and abilities 
within a multi-project environment (regardless of its geographic dispersion), is likely 
to establish and manage an integrated information and communication technological 
platform to facilitate (i) information sharing among employees and (ii) information 
retrieval from the firm’s database. This is consistent with Betts (1991), who stated 
that an integrated database will improve the flexibility of information retrieval. Many 
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interviewees agreed that it is becoming increasingly important for firms to establish 
an integrated information and communication technological platform for improved 
information sharing and retrieval in a changing business environment involving 
overseas venture.  It is found that the majority of interviewees’ firms (approximately 
61%) have uploaded at least 50% of company information and records into their 
database, and are gradually moving towards an office automation system.  
 
Table 8.27 Correlations between firms’ shared vision and value and their 
technological capabilities 
Item 
Code Description SV1 SV2 SV3 SV4 IT1 IT2 IT3 IT4 PT1 PT2 PT3
SV1 
Our firm encourages brainstorming 
sessions among employees to share new 
ideas 
1.000           
SV2 Our firm provides support to employees to reach organizational goals .627**1.000          
SV3 Employees are constantly informed on the firm’s business objectives   .415**.574**1.000         
SV4 
Employees’ involvement in charting the 
direction of the firm is the key toward our 
firm’s success 
.394* .436**.663**1.000        
IT1 
Ability to communicate and share real 
time information among supply chain 
parties regardless of geographic 
dispersion   
.362* .349* .261 -.010 1.000       
IT2 
Ability to communicate and share real 
time information among all decision 
makers and employees regardless of 
geographic dispersion 
.386* .277 .207 .115 .799**1.000      
IT3 
Ability to retrieve information, i.e., 
regarding past/existing projects, from the 
company database in a timely manner 
regardless of geographic dispersion 
.372* .224 .275 .302 .594**.606**1.000     
IT4 
Ability to disseminate information and link 
similar information, providing decision 
makers with the most up-to-date and 
accurate information regarding changing 
environmental contingencies 
.447* .247 .338* .219 .644**.693**.709**1.000    
PT1 
Ability to adopt different construction 
process technologies (e.g., construction 
methods and materials) to satisfy clients’ 
requirements 
.234 .132 .273 .137 .558** .580* .535**.654**1.000   
PT2 
Ability to apply different process 
technology software (e.g. ,estimating and 
purchasing software) to improve firm’s 
operational process 
.340* .212 .259 .075 .536**.585** .398* .534**.639**1.000  
PT3 
Ability to lead in process technology 
innovation (e.g., computer aided program 
in analyzing indoor thermal condition) to 
gain competitive advantage 
.282 .271 .224 .082 .647**.470**.496**.498**.565**.424**1.000
Note: ** denotes correlation is significant at the 0.01 level (2-tailed); * denotes correlation is significant at the 




Further evidence of interviewees’ firms’ commitment towards creating a shared vision 
and value environment can be exemplified by the number of technological-related 
training sessions offered to their employees as shown in Table 8.28. It can be seen 
that almost half of interviewees’ firms have organized at least one training session for 
their employees on an annual basis. The trainings involve the use of: (i) information 
and communication technology equipment and applications; (ii) computer-aided 
operational tools; (iii) procurement systems; and (iv) construction methods and 
technologies.  
 
Table 8.28 Number of technological-related training sessions provided by 
interviewees’ firms  
Number of firms# 
Training sessions/ year  Description 
1 2  > 2 Total## 
Training to upgrade employees' knowledge and skills in 
using ICT equipment and applications 19 12 3 34 
Training to upgrade employees' knowledge and skills in 
using computer-aided operational tools (including web-
based tool) 
23 10 5 38 
Training to upgrade employees' knowledge and skills on 
application of different procurement options  16 10 9 35 
Training to upgrade employees' knowledge and skills on 
application of different construction methods and 
technologies 
15 8 13 36 
#    Total number of firms is 41 
## Total number of firms for individual technological-related training is less than 41 because 
some firms did not offer any of the four technological-related training sessions 
 
8.5.4 Predictors of supply chain capabilities (X5) 
Table 8.17 shows that employees’ skills and behaviour (X3) have a positive impact 
on firms’ supply chain capabilities (X5), posing a path coefficient of 0.339 (H9 - 
Employees’ skills and behaviour (X3) have a significant direct impact on supply chain 
capabilities (X5)). This suggests that superior employees’ skills and behaviour are 
likely to enhance firms’ supply chain capabilities. Table 8.29 shows the correlations 
between firms’ supply chain capabilities and their employees’ skills and behaviour. It 
can be seen that ESB4 have significant positive correlations with SC2 and SC6. This 
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is followed by ESB2 and ESB6, which are found to have significant positive 
correlations with SC6 and SC2, respectively. These results indicate that employees’ 
abilities:  (i) to learn and adapt to different business conditions; (ii) to work in a team 
environment; and (iii) to gain customer satisfaction, will collectively contribute to a 
firm’s supply chain capabilities in procuring materials and coordinating delivery 
requirement to meet clients’ need on a global basis. This may be explained in relation 
to the changing competitive business environment (see Sections 2.4 and 2.5), in 
which firms may require their employees to learn and adapt to different business 
conditions, be customer-oriented, continually explore new and better alternatives of 
materials and establish new supply chain networks for improved organizational 
abilities in response to changes in clients’ requirement.  
 
Table 8.29 Correlations between firms’ supply chain capabilities and their employees’ 
skills and behaviour 
Item 
Code Description SC2 SC3 SC4 SC5 SC6 ESB1 ESB2 ESB4 ESB5 ESB6 ESB8
SC2 Ability to procure materials on a global basis 1.000           
SC3 
Ability to improve the quality of 
construction services and 
products 
.538** 1.000          
SC4 Ability to attract repeat business from clients .294 .432** 1.000         
SC5 Ability to improve construction delivery speed . 518** .511** .564** 1.000        
SC6 
Ability to coordinate delivery 
requirement to meet clients’ 
need on a global basis 
.530** .408** .381* .487** 1.000       
ESB1 Ability to adopt an open-mindset to all alternative .223 -.014 .039 -.072 .028 1.000      
ESB2 Ability to work in a team environment .284 .112 .116 .121 .445** .643** 1.000     
ESB4 Ability to learn and adapt to different business conditions .399** .096 .236 .283 .315* .463** .597** 1.000    
ESB5 
Ability to perform a diverse 
range of tasks and 
responsibilities 
.266 .077 .132 .113 .296 .351* .575** .518** 1.000   
ESB6 Ability to gain customer satisfaction .462** .220 .225 .161 .300 .290 .391* .413** .423** 1.000  
ESB8 Ability to work independently .243 -.043 .051 .184 .167 .477** .576** .431** .326* .377* 1.000
Note: ** denotes correlation is significant at the 0.01 level (2-tailed); * denotes correlation is significant at the 




Table 8.30 shows the correlations between firms’ inter-organizational relationship 
management practices and their supply chain capabilities. It can be seen that four 
out of the six practices (i.e., RM8 to RM11) are found to have significant positive 
correlations with the respective features of a contractor’s supply chain capabilities. 
The significant positive correlations among SC4, SC6 and RM9 may be explained in 
relation to contractors’ efforts to provide training to their supply chain parties, by 
means of sharing their safety procedures and requirements, in their attempts to gain 
mutual understanding and provide an overview of their firm’s operational 
requirements. All these may lead to improved project performance, and 
subsequently, more repeat business from satisfied customers. Besides this, RM10 
and RM11 which emphasize improving a contractor’s relationship with its supply 
chain parties (i.e., both clients and subcontractors) via a continuous effort are found 
to have a significant positive correlation with SC4. All these indicate that RM9, RM10 
and RM11 are important practices in relating to a contractor’s ability to gain repeat 
business from clients.  
 
Table 8.30 Correlations between firms’ inter-organizational relationship management 
practices and their supply chain capabilities 
Item 
Code Description SC2 SC3 SC4 SC5 SC6 RM6 RM7 RM8 RM9 RM10 RM11
SC2 Ability to procure materials on 
a global basis 1.000           
SC3 Ability to improve the quality 
of construction services and 
products 
.538** 1.000          
SC4 Ability to attract repeat 
business from clients .294 .432** 1.000         
SC5 Ability to improve 
construction delivery speed .518** .511** .564** 1.000        
SC6 Ability to coordinate delivery 
requirement to meet clients 
need on global basis 
.530** .408** .381* . 487** 1.000       
RM6 Providing subcontractors/ 
suppliers the flexibility to plan 
their delivery schedule 
-.109 -.057 -.012 -.140 -.157 1.000      
RM7  Offering incentive scheme to 
suppliers and subcontractors .020 .041 .272 .059 -.039 .302 1.000     
RM8 Providing prompt after-sales 
services to clients .289 .339* .147 .190 .109 .313* .458** 1.000    
RM9 Organizing trainings for 




Code Description SC2 SC3 SC4 SC5 SC6 RM6 RM7 RM8 RM9 RM10 RM11
RM10 Keeping constant contact  
with clients (e.g., end users 
and consultant) to keep track 
of their need 
.257 .256 .453** .144 .257 .146 .480** .476** .377* 1.000  
RM11 Organizing informal gathering 
among supply chain parties .263 .272 .471** .225 .283 .197 .466** .463** .446** .785** 1.000
Note: ** denotes correlation is significant at the 0.01 level (2-tailed); * denotes correlation is significant at the 
0.05 level (2-tailed). 
 
Also, it can be seen from Table 8.30 that a contractor’s effort to provide prompt after-
sales services to clients (RM8) has a statistically significant positive correlation with 
its ability to improve the quality of construction services and products (SC3). This 
finding may indicate that contractors emphasize providing responsive services as 
part of their efforts to improve the quality of construction services and products 
offered to their clients.  
 
Contractors’ ability in offering responsive services, via their supply chain network, is 
now examined.  
 
The focus is on the downstream supply chain members, i.e., both subcontractors and 
suppliers, who may affect contractors’ responsiveness to clients’ requests given the 
high level of subcontracting in the industry. Figure 8.7 shows the level of 
subcontracting exercised by interviewees’ firms. It can be seen that the majority 
(approximately 90%) of interviewees’ firms have subcontracted more than 50% of 
their work, with only four contractors who subcontracted less than 50% of their work. 
This is consistent with Dulaimi and Hong’s (2002) findings that the majority of their 
survey respondents, comprising large and medium-sized Singapore contractors, 
subcontracted 50% or more of their work. Therefore, it is justifiable to consider that 
contractors’ ability to provide responsive services is largely influenced by the 






Figure 8.7 Level of subcontracting of interviewees’ firms 
 
As can be seen from Table 8.31, at least 75% of the contractors receive responses to 
their requests for basic information, proposal of minor work, after sales services, 
routines services and products (i.e., R1 to R4) within five working days from the date 
of enquiry. For request for services for overseas projects (R5), only a handful of 
contractors (approximately 10%) receive responses to their requests within five 
working days given the increased complexity involved. Sixteen contractors 
highlighted the fact that R5 is not applicable to their firms since they only focus on the 
Singapore construction market. Overall, the result suggests that the majority of 








Table 8.31 Responsiveness of subcontractors and suppliers to requests made by 
interviewees’ firms  
Number of firms# 
Response time (number of working days) Item 
code Description 
1 2-3 4-5 6-7 8-14 15-28 >28 N.A 
R1 Request for basic information, e.g., 
product specification 8 23 3 5 2 - - - 
R2 Request for proposal for minor work, e.g., 
variation to existing works 3 17 12 5 3 1 - - 
R3 Request for after sales services, e.g., 
rectification works 1 17 13 6 4 - - - 
R4 Request for urgent but routine services 
and products 13 18 6 4 - - - - 
R5 Request for assistance for overseas 
assignments when their services (i.e., 
subcontractors and suppliers) are needed 
- 1 3 7 4 4 6 16 
# Total number of firms is 41 
 
8.5.5 Predictors of business strategies (X6) 
This section examines the predictors of the four business strategies specified in this 
study: (i) cost leadership (X6.1CLS); (ii) risk leadership (X6.1RLS); (iii) customer 
intimacy (X6.2CIS); and (iv) product leadership (X6.2PLS).  
 
8.5.5.1 Impact on cost leadership initiative (X6.1CLS) 
Table 8.17 shows the two predictors of a firm’s cost leadership initiative (X6.1CLS): (i) 
supply chain capabilities (X4) and (ii) commitment to learning (X1CL). First, a firm’s 
supply chain capabilities (X4) are found to have a positive impact on its cost 
leadership initiative (X6.1CLS) with a path coefficient of 0.447 (H16 - Supply chain 
capabilities (X5) have a significant direct impact on business strategies (X6)). The 
correlations between firms’ supply chain capabilities and their cost leadership 
initiative are shown in Table 8.32.  It can be seen that SC2 and SC3 are important 
features relating to a firm’s cost leadership initiative, having significant positive 
correlations with B10 and B14. One possible explanation is that a firm’s supply chain 
capabilities in sourcing materials globally and offering superior quality of construction 
services and products, could improve the firm’s abilities to establish an efficient and 
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reliable supply of materials, and eliminate unnecessary rework. As a result, these 
mitigate the impact of unanticipated events on the firm’s operation. This agrees with 
Treacy and Wiersema (1993) and Morash (2001), who found that a firm’s supply 
chain capabilities are directly related to the firm’s abilities to: (i) minimize overhead 
costs; (ii) eliminate unnecessary work process; and (iii) provide an efficient and 
reliable supply of products and services.  
 
Table 8.32 Correlations between firms’ supply chain capabilities and their cost 
leadership initiative 
Item 
Code Description SC2 SC3 SC4 SC5 SC6 B9 B10 B14 B15 
SC2 Ability to procure materials on a 
global basis 1.000         
SC3 Ability to improve the quality of 
construction services and products .538** 1.000        
SC4 Ability to attract repeat business 
from clients .294 .432** 1.000       
SC5 Ability to improve construction 
delivery speed .518** .511** .564** 1.000      
SC6 Ability to coordinate delivery 
requirement to meet clients need 
on global basis 
.530** .408** .381* . 487** 1.000     
B9 
Implementing stricter financial 
management on company cash 
flow 
-.024 .032 -.113 -.107 .098 1.000    
B10 
Setting limits on project size so that 
any failure of one project would not 
endanger the firm’s operation 
.463** .348* .095 .197 .264 .350* 1.000   
B14 
Implementing stricter site 
management to reduce material 
wastage 
.338* .296 .041 .175 .177 .625** .507** 1.000  
B15 Implementing stricter procurement management  .276 .178 .040 .176 .161 .411** .442** .435** 1.000 
Note: ** denotes correlation is significant at the 0.01 level (2-tailed); * denotes correlation is significant 
at the 0.05 level (2-tailed). 
 
Second, firms’ commitment to learning (X1CL) is found to have a negative impact on 
firms’ cost leadership initiative (X6.1CLS), having a path coefficient of -0.269 (H5 - 
Organizational learning culture (X1) has a significant direct impact on business 
strategies (X6)). Although there is no sufficient evidence to establish the correlations 
between measurement items of the two constructs (see Table 8.33), the negative 
impact may partly be explained in relation to a firm’s business management. It 
appears reasonable that firms become less tolerant towards employees’ mistakes in 
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their endeavours to enforce stricter management on their site, financial and 
procurement procedures. Many interviewees recognized that it is important to 
differentiate between negligent and intentional acts, and added that their firms could, 
to some extent, tolerate minor mistakes of employees but not their intentional 
performance errors (see Section 8.5.5.2).  
 
Table 8.33 Correlations between firms’ commitment to learning and their cost 
leadership initiative 
Item 
Code Description CL1 CL2 CL3 B9 B10 B14 B15 
CL1 Employees training and learning are seen 
as investment rather than expenses  1.000       
CL2 Performance mistakes are seen as 
opportunities for learning and development .418** 1.000      
CL3 Our ability to learn is the key toward our 
firm’s success in response to changes 
within the industry 
.564** .464** 1.000     
B9 Implementing stricter financial management on company cash flow .055 -.131 -.144 1.000    
B10 
Setting limits on project size so that any 
failure of one project would not endanger 
the firm’s operation 
-.001 -.061 -.166 .350* 1.00   
B14 Implementing stricter site management to reduce material wastage -.027 -.022 -.306 .625** .507** 1.000  
B15 Implementing stricter procurement management on company cash flow .121 .056 -.127 .411** .442** .435** 1.000 
Note: ** denotes correlation is significant at the 0.01 level (2-tailed); * denotes correlation is significant 
at the 0.05 level (2-tailed) 
 
8.5.5.2 Impact on risk leadership initiative (X6.1RLS)  
As shown in Table 8.17, both supply chain capabilities (X5) and organizational 
structure (X2) have statistically significant positive impacts on a contractor’s risk 
leadership initiative (X6.1RLS), posing the path coefficients of 0.431 (H16, see Section 
8.5.5.1 for description) and 0.341 (H6 - Organizational structure (X2) has a significant 
direct impact on business strategies (X6)), respectively. The findings indicate that 
supply chain capabilities exert a higher positive impact on a firm’s risk leadership 
initiative than its organizational structure does. One possible explanation is that 
superior inter-organizational relationship management and supply chain 
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infrastructure (see Section 8.5.4) would facilitate a firm’s risk leadership initiatives, as 
demonstrated by the observed higher impact of supply chain capabilities.  
 
Table 8.34 shows the correlations between firms’ supply chain capabilities and their 
risk leadership initiative. It can be seen that SC4 and SC6 have significant positive 
correlations with B5. This is followed by SC2 and SC3, which are positively 
correlated with B8 and B11, respectively. One possible explanation for the 
correlations among SC4, SC6 and B5 is that a firm’s abilities to coordinate delivery 
requirement to meet clients’ need and attract repeat business from the clients enable 
the firm to be customer-focused, and it thus bids for more projects that are within its 
capabilities from a targeted group of clients. Many interviewees (approximately 85%) 
shared the view that it is important for their firms to work with clients with whom they 
are familiar in order to minimize the possibility of default in payment by clients.  
 
Table 8.34 Correlations between firms’ supply chain capabilities and their risk 
leadership initiative 
Item 
Code Description SC2 SC3 SC4 SC5 SC6 B5 B8 B11 
SC2 Ability to procure materials on a 
global basis 1.000        
SC3 Ability to improve the quality of 
construction services and products .538** 1.000       
SC4 Ability to attract repeat business 
from clients .294 .432** 1.000      
SC5 Ability to improve construction 
delivery speed .518** .511** .564** 1.000     
SC6 Ability to coordinate delivery 
requirement to meet clients need 
on global basis 
.530** .408** .381* . 487** 1.000    
B5 Bidding for more projects that are within the firm’s capabilities .280 .227 .330* .301 .375* 1.000   
B8 
Creating uncommitted financial 
resources (e.g., setting  aside 
contingency funds) 
.442** .290 .127 .156 .167 .393* 1.000  
B11 
Entering into forward contracts 
with suppliers & subcontractors to 
protect the firm against cost 
escalation 
.307 .398* .093 .140 .148 .545** .526**. 1.000 
Note: ** denotes correlation is significant at the 0.01 level (2-tailed); * denotes correlation is significant 




The next issue to examine is the positive impact of organizational structure (X2) on a 
firm’s risk leadership initiative (X6.1RLS). All interviewees recognized that the decision 
making procedure within a firm’s organizational structure is of paramount importance 
to its risk management endeavour, and added that it is essential for top management 
to exert control over firms’ bidding decision making to avoid any overstretching of 
resources and capabilities in the project execution phase. Interviewee S19 added 
that: 
As a senior management, you need to ensure that your contracting team is 
aware and bidding within the firm’s resources and capabilities…Contracts 
managers should possess a good feel of prevailing market conditions and be 
aware of their firms’ circumstances. Some companies had actually gone bust 
partly due to the negligence of their contract managers (for example, under-
pricing and unaware of company’s financial resources).  
 
Besides the above findings, the correlations between firms’ organizational structure 
and their risk leadership initiative are shown in Table 8.35. It can be seen that OS1 
and OS3 have significant positive correlations with B5. One possible explanation is 
that a firm should adopt a more flexible and transparent working procedure, sharing 
important information among decision makers, so that the decision-makers have 
updated information about its workload. This would enable them to plan for 
successive projects, without overstretching the firm’s resources and capabilities.  
  
Table 8.35 Correlations between firms’ organizational structure and their risk 
leadership initiative 
Item 
Code Description OS1 OS2 OS3 B5 B8 B11 
OS1 Our firms operates in a flexible work procedure 1.000      
OS2 Our firm adopts a more decentralized decision making process .662** 1.000     
OS3 
Our firm has an open communication 
channel with flexible access to important 
information for decision making 




Code Description OS1 OS2 OS3 B5 B8 B11 
B5 Bidding for more projects that are within the firm’s capabilities .459** .297 .347* 1.000   
B8 
Creating uncommitted financial 
resources (e.g., setting  aside 
contingency funds) 
.088 .131 .206 .393* 1.000  
B11 
Entering into forward contracts with 
suppliers & subcontractors to protect the 
firm against cost escalation 
.144 .192 .256 .545** .526**. 1.000 
Note: ** denotes correlation is significant at the 0.01 level (2-tailed); * denotes correlation is significant at 
the 0.05 level (2-tailed). 
 
8.5.5.3 Impact on customer intimacy initiative (X6.2CIS) 
As reported in Table 8.17, a firm’s employees’ skills and behaviour (X3) and 
technological capabilities (X4) are the two key positive determinants of the firm’s 
customer intimacy initiative (X6.2CIS). Of these, firms’ technological capabilities have 
a greater impact on their customer intimacy endeavour, registering a path coefficient 
of 0.491 (H14 - Technological capabilities (X4) have a significant direct impact on 
business strategies (X6)). Firms with superior technological capabilities are likely to 
create superior customer value in their customer intimacy endeavour. Table 8.36 
shows the correlations between firms’ technological capabilities and their customer 
intimacy initiative. B3 is found to have statistically significant positive correlations with 
all features of a firm’s technological capabilities. This followed by B4, which is 
positively correlated with IT1, IT2, IT3, PT2 and PT3. Likewise, there are significant 
correlations among IT1, IT4, PT2, B2 and B13. The results suggest the importance of 
a firm’s technological capabilities in its efforts to develop and manage collaborative 
relationships with supply chain parties, via efficient information transmission and 
exchange, for improved business performance. This agrees with Crocitto and 
Youssef (2003), who pointed out that appropriate application of information and 
communication technologies can potentially enhance a firm’s competitiveness via 
establishing an effective and responsive network to facilitate information processing 
and communication among supply chain members. This is especially true in the 
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project-oriented and information intensive environment of the construction industry 
where highly responsive contacts among their supply chain members is the key 
towards on-time delivery of products and services (Hinze and Tracey, 1994). In this 
case, supply chain members refer to clients, consultants, subcontractors and 
suppliers 
 
Table 8.36 Correlations between firm’s technological capabilities and their customer 
intimacy initiative 
Item 
Code Description IT1 IT2 IT3 IT4 PT1 PT2 PT3 B2 B3 B4 B13
IT1 
Ability to communicate and share real 
time information among supply chain 
parties regardless of geographic 
dispersion   
1.000           
IT2 
Ability to communicate and share real 
time information among all decision 
makers and employees regardless of 
geographic dispersion 
.799**1.000          
IT3 
Ability to retrieve information, i.e., 
regarding past/existing projects, from 
the company database in a timely 
manner regardless of geographic 
dispersion 
.594**.606**1.000         
IT4 
Ability to disseminate information and 
link similar information, providing 
decision makers with the most up-to-
date and accurate information regarding 
changing environmental contingencies 
.644**.693**.709**1.000        
PT1 
Ability to adopt different construction 
process technologies (e.g., construction 
methods and materials) to satisfy 
clients’ requirements 
.558** .580* .535**.654**1.000       
PT2 
Ability to apply different process 
technology software (e.g. ,estimating 
and purchasing software) to improve 
firm’s operational process 
.536**.585** .398* .534**.639**1.000      
PT3 
Ability to lead in process technology 
innovation (e.g., computer aided 
program in analyzing indoor thermal 
condition) to gain competitive 
advantage 
.647**.470**.496**.498**.565**.424**1.000     
B2 
Forming joint-venture with other 
contractors to serve a group of targeted 
clients 
.176 .270 .267 .321* .291 .321* .206 1.000    
B3 Forming partnership with clients .603**.441** .386* .378* .364* .408**.429**.524**1.000   
B4 Diversifying into different construction business  .334* .457**.481** .279 .306 .317* .366* .381* .435**1.000  
B13 Following clients abroad                        .366* .281 .276 .174 .154 .319* .278 .350* .544**.459**1.000
Note: ** denotes correlation is significant at the 0.01 level (2-tailed); * denotes correlation is significant at the 




The next issue to examine is the positive impact of a firm’s employees’ skills and 
behaviour (X3) on the firm’s customer intimacy initiative (X6.2CIS), posing a path 
coefficient of 0.340 (see Table 8.17; H10 - Employees’ skills and behaviour (X3) have 
a significant direct impact on business strategies (X6)). This finding is consistent with 
Treacy and Wiersema (1993), who found that employees are the most important 
determinant in gaining clients’ loyalty, and thus shaping the firm’s customer intimacy 
endeavour. They also found that multi-skilled employees with abilities to behave 
adaptively and collaboratively are central to a firm’s attempt to build and gain 
customers’ loyalty. In this study, the correlations between firms’ employees’ skills and 
behaviour and their customer intimacy initiative are shown in Table 8.37.  
 
Table 8.37 Correlations between firms’ employees’ skills and behaviour and their 
customer intimacy initiative 
Item 
Code Description ESB1ESB2ESB4ESB5ESB6ESB8 B2 B3 B4 B13 
ESB1 Ability to adopt an open-mindset to all alternative 1.000          
ESB2 Ability to work in a team environment .643** 1.000         
ESB4 Ability to learn and adapt to different business conditions .463** .597** 1.000        
ESB5 Ability to perform a diverse range of tasks and responsibilities .351* .575** .518** 1.000       
ESB6 Ability to gain customer satisfaction .290 .391* .413** .423** 1.000      
ESB8 Ability to work independently .477** .576** .431** .326* .377* 1.000     
B2 
Forming joint-venture with other 
contractors to serve a group of 
targeted clients 
.130 .265 .202 .073 .141 .075 1.000    
B3 Forming partnership with clients .277 .305 .407** .221 .435** .241 .524** 1.000   
B4 Diversifying into different construction businesses .307 .309* .372* .140 .203 -.011 .381* .435** 1.000  
B13 Following clients abroad                    .251 .389* .247 .104 .253 -.059 .350* .544** .459** 1.000 
Note: ** denotes correlation is significant at the 0.01 level (2-tailed); * denotes correlation is significant 
at the 0.05 level (2-tailed) 
 
Table 8.37 shows that B3 has significant positive correlations with ESB4 and ESB6, 
and B4 has significant positive correlations with ESB2 and ESB4. This is followed by 
B13, which is positively correlated with ESB2. These results indicate the importance 
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of employees’ abilities to gain customer satisfaction and work in a team environment, 
whereby they learn and adapt to different business environments, enabling firms to 
diversify into different construction businesses and form partnerships with their 
clients, by means of following them abroad for business venture.  
 
8.5.5.4 Impact on product leadership initiative (X6.2PIS) 
A firm’s open-mindedness (X1O) is found to positively influence its product leadership 
initiative (X6.2PLS), posing a path coefficient of 0.384 (see Table 8.17 and section 
8.5.5.1 for description of H5). This suggests that a contractor with a positive attitude 
of open-mindedness is likely to possess a stronger capacity in pursuing its product 
leadership strategy. In this study, the correlations between contractors’ open-
mindedness and their product leadership initiative are shown in Table 8.38. It can be 
seen that B12 has significant positive correlations with O1 and O3, indicating that a 
construction firm that places greater emphasis on participative decision making and 
interactive adaptation is more likely to invest in R&D activities to further explore 
business opportunities. This agrees with Treacy and Wiersema (1993), who 
highlighted the importance of top management commitment to create and maintain 
an environment that encourages employees’ contribution of ideas, and more 
importantly, top management needs to listen and consider these ideas in their 
strategic and interactive planning.  
 
Table 8.38 Correlations between firms’ open-mindedness and their product 
leadership initiative 
Item 
Code Description O1 O2 O3 B7 B12 B16 
O1 Our firm encourages participative decision making among employees 1.000      
O2 Our firm promotes open communication among  subordinates and superiors .615** 1.000     
O3 
Our firm adapts freely to changes within the 
industry without much concern to past 
practices and management practices 





Description O1 O2 O3 B7 B12 B16 
B7 
Investing on assets that have high liquidity 
value (e.g., general multiple-usage 
equipment)  
.082 .106 .193 1.000   
B12 Investing into R & D to further explore business opportunities  .311* .267 .463** .395* 1.000  
B16 Investing surplus funds into financial investments and property development .297 .233 .218 .411** .604** 1.000 
Note: ** denotes correlation is significant at the 0.01 level (2-tailed); * denotes correlation is significant at 
the 0.05 level (2-tailed) 
 
The second predictor of product leadership initiative (X6.2PLS) is a firm’s commitment 
to learning (X1CL), with a negative path coefficient -0.378 (H5; see Table 8.17). 
Although there is insufficient evidence to establish the correlations between 
measurement items of the two constructs as shown in Table 8.39, the significant 
negative impact may be explained by the conservativeness of the majority of 
interviewees’ firms (see Section 8.3.3.2). They are often risk adverse and would 
rather adopt a ‘wait-to-see’ than a ‘trial-and-error’ approach. All these may impede 
their commitment to learn and prevent them from becoming a product leader.  
 
Table 8.39 Correlations between firms’ commitment to learning and their product 
leadership initiative  
Item 
Code Description CL1 CL2 CL3 B7 B12 B16 
CL1 Employees training and learning are seen as investment rather than expenses  1.000      
CL2 Performance mistakes are seen as opportunities for learning and development .418** 1.000     
CL3 
Our ability to learn is the key toward our firm’s 
success in response to changes within the 
industry 
.564** .464** 1.000    
B7 Investing on assets that have high liquidity value (e.g., general multiple-usage equipment)  -.247 -.276 -.063 1.000   
B12 Investing into R & D to further explore business opportunities  -.089 -.059 -.067 .395* 1.000  
B16 Investing surplus funds into financial investments and property development -.189 .114 -.132 .411** .604** 1.000 
Note: ** denotes correlation is significant at the 0.01 level (2-tailed); * denotes correlation is significant 






8.5.6 Predictors of organizational flexibility (Y) 
The predictors of the three dimensions of organizational flexibility are now discussed.  
 
8.5.6.1 Impact on operational flexibility (YOF) 
The results reported in Table 8.17 show that a firm’s operational flexibility (YOF) is 
significantly influenced by three determinants: (i) employees’ skills and behaviour  
(X3; β = 0.419); (ii) supply chain capabilities (X5; β = 0.358); and (iii) product 
leadership initiative (X6.2PLS; β = -0.229). The three hypotheses tested are: H11 - 
Employees’ skills and behaviour (X3) have a significant direct impact on 
organizational flexibility (Y); H17 - Supply chain capabilities (X5) have a significant 
direct impact on organizational flexibility (Y); and H18 - Business strategies (X6) have 
a significant direct impact on organizational flexibility (Y). In terms of positive path 
coefficients (i.e., influence), it appears that employees’ skills and behaviour pose a 
larger impact on a firm’s operational flexibility compared to that of its supply chain 
capabilities. This phenomenon can be partially explained by the triangular 
relationship among these three constructs. Within these relationships, a firm’s 
employees’ skills and behaviour are the primary enablers, both directly and indirectly, 
of its operational flexibility (see Figure 8.6). For an indirect influence, it follows that a 
firm’s employees’ skills and behaviour have positive impact on its supply chain 
capabilities (see Section 8.5.4) in which the latter shapes the firm’s operational 
flexibility (i.e., employees’ skills and behaviour→ supply chain capabilities→ 
operational flexibility). Although Figure 8.3 shows that a firm’s supply chain 
capabilities could directly influence the firm’s operational flexibility without the 
interference of its employees’ skills and behaviour (see Section 8.3.1.3), it is rational 
to maintain the identified triangular relationship because employees’ skills and 
behaviour are the mediators between a firm’s capabilities and its performance 
(following Wright et al., 1994). Most interviewees shared the view that employees are 
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one of the greatest assets in their organizations, and added that their employees are 
the main linkage between the firms and supply chain parties (for example, clients, 
consultants and subcontractors) that helps the firms to sustain continuity in business.    
 
The next issue to consider is the influence of a firm’s product leadership initiative on 
its operational flexibility. The negative path coefficient of -0.229 suggests that firms 
with a strong focus on product leadership are likely to have a low operational 
flexibility potential. One possible explanation is that firms (or product leaders) with 
wide business portfolios are likely to incur a major investment (i.e., sunk cost) in their 
product development, and thus become less operationally flexible in the face of any 
environmental turbulence.    
 
8.5.6.2 Impact on tactical flexibility (YTF) 
Table 8.17 shows that a firm’s supply chain capabilities (X5) are the sole positive 
determinant of the firm’s tactical flexibility (YTF), posing a path coefficient of 0.415 ( 
see Section 8.5.6.1 for description of H17). This agrees with Debrah and Ofori (1997), 
who found that Singapore contractors are heavily dependent on labour 
subcontracting as a means of achieving flexibility in response to the instability, 
uncertainly and discontinuity inherent in the construction industry and their work 
environment. In this study, it is found that Singapore contractors’ ability to expand or 
contract their business capacity efficiently is, to some extent, influenced by their 
supply chain capabilities (see Section 8.3.3.1).   
 
8.5.6.3 Impact on strategic flexibility (YSF) 
As can be seen from Table 8.17, three out of the four dimensions of business 
strategies are found to have positive influences on a firm’s strategic flexibility (YSF) 
(see Section 8.5.6.1 for description of H18). In the order of importance, the three 
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dimensions are: (i) customer intimacy initiative (X6.2CIS) (β = 0.384); (ii) cost 
leadership initiative (X6.1CLS) (β = 0.339); and (iii) risk leadership initiative (X6.1RLS) (β 
= 0.324). These findings are similar to those found in PLS M1; apart from having 
different degrees of influence (i.e., path coefficients) on a firm’s strategic flexibility 
(see Sections 8.3.4.1, 8.3.4.3 and 8.3.4.4). Therefore, this section focuses on the 
qualitative data obtained from the interview findings, identifying the practices adopted 
by interviewees’ firms in response to the unprecedented 1997 – 2005 economic 
downturn following the Asian financial crisis in 1997.  This seeks to provide a deeper 
insight on how interviewees’ firms operated flexibly during the downturn.  
 
One-third of the interviewees pointed out that their firms survived the economic 
downturn by forming partnerships with clients and following them abroad in order to 
obtain sufficient turnover. Besides this, some interviewees (approximately 12%) 
shared the view that their firms had initiated some residential building projects, which 
were subsequently undertaken via joint-ventures with previous clients, in order to 
keep their resources occupied and sustain business operations. This agrees with 
Betts and Ofori (1994) and Raftery et al. (1998), who found that contractors have the 
capacity to evoke dormant demand by acting as project initiators. All these may attest 
to the importance of a firm’s customer intimacy initiative (X6.2CIS) for its strategic 
business operation, and thus indicating that construction firms should proactively and 
continuously engage themselves in relationship building and management with their 
clients regardless of whether times are good or bad.  
 
Turning to a firm’s cost leadership initiative (X6.1CLS), all interviewees shared the 
view that it is important to embrace a more active and stringent role in their site 
management for better responsiveness to changes within the business environment 
especially during the 1997-2005 economic downturn. Some practices adopted by 
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interviewees’ firms to curb site material wastage are: (i) adopting the just-in-time 
delivery concept; (ii) delegating responsibility for material inventory management to 
respective site managers; (iii) imposing wastage rates for construction materials on 
site; (iv) implementing profit-sharing schemes by rewarding employees for the 
amount of materials they saved; and (v) implementing materials recycling 
programmes. These identified waste management practices are similar to those 
highlighted by Ekanayake and Ofori (2004) and Tam and Tam (2006).  
 
Besides placing greater emphasis on site management, interviewees recognized that 
a proper cash flow management is another key to their continued existence. It is 
found that various financial management practices adopted by interviewees’ firms 
include: (i) establishing a project milestones monitoring system – comparing project 
cash flow with estimated project budget based on pre-determined progressive points 
or milestones; (ii) requiring project directors/managers to submit monthly progress 
reports; (iii) implementing Days Sales Outstanding matrix systems to measure the 
efficiency of a firm in converting receivables to cash; and (iv) implementing Unbilled 
Receivable (UBR) systems to monitor unbilled project receivables against project 
procurement expenses; where a high index of UBR reflects a large amount of 
unclaimed payment. Some interviewees (approximately 25%) shared the view that 
their firms have engaged or created an additional role of a ‘company project cost 
auditor or officer’ in monitoring their company’s cash flow.   
 
Also, the interviews revealed that firms adopted several practices to tighten their 
procurement procedures as part of their cost leadership endeavour. The practices 
identified are: (i) implementing stricter purchase orders systems – purchase orders 
are to be endorsed by at least three parties (a site quantity surveyor, a project 
manager/director, a director from head office); (ii) requiring project 
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managers/directors to review and reconfirm the approximate quantity of materials 
and amount of work required in respective projects; and (iii) procuring the required 
materials and services in bulk volume to realize the value of economies of scale. 
Some interviewees (approximately 36%) explained that, through implementing 
stricter procurement procedures, their firms could minimize fraudulent and negligent 
acts of their employees (for example, collusion among employees, subcontractors 
and suppliers, and negligence of employees in project cost estimating).  
 
Many interviewees (approximately 93%) shared the view that a firm’s cost leadership 
initiative should complement its risk leadership endeavour, and added that it is not 
realistic to undertake projects that are too large for the firm’s size, beyond its 
experience range and contracts that are likely to stretch its available resources and 
capabilities. Also, interviewees pointed out that it is important for contractors to set 
size limitations on projects undertaken such that the failure of one project would not 
endanger their operations. In relation to this, Interviewee S30 stated that:  
We set size limitation on projects undertaken using the ratio of 1:3. Our target 
is to have either one big project of contract values S$60 – S$100 million or 
three small projects of individual contract value not more than S$30 million at 
any point of time. However, we prefer to bid for smaller contracts and fast 
tracked projects because these projects are usually less resource intensive 
and subjected to less fluctuation in material prices, and thus unlikely to 
jeopardize our operational cash flow. 
 
In this study, it is found that more than two-thirds of the interviewees’ firms have 
concentrated on short-term and fast-tracked projects as well as smaller contracts 
especially during the long 1997 – 2005 economic downturn. This suggests that this 
group of contractors are risk conscious in their bidding attempts. This is consistent 
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with Sharnkari (2008), who found that a Singapore Exchange listed main contractor 
preferred to have a smaller order book with opportunities for better profit margins 
than a large order book comprising many contracts with locked-in costs, which would 
squeeze margins if costs rose while building was in progress. Also, it is found that 
many interviewees’ firms have entered into forward contracts with their suppliers and 
subcontractors (for example, concrete and reinforcement bars suppliers) in their 
efforts to hedge against escalation in material prices, and have set aside contingency 
funds from their companies’ reserves as part of their risk leadership initiative. 
Interviewees revealed that their firms have reserved at least three to six months of 
fixed operational costs (for example, employees’ salaries and office expenses) to 
mitigate the impact of the downturn on the business operation following the periods 
1997 to 2005.  
 
8.6 Moderating effects of environmental conditions (Z) 
Three sets of moderated structural models were developed to examine the 
moderating effects of environmental conditions on the relationship between the key 
determinants and organizational flexibility. Individual moderated structural models 
were built in relation to the results obtained in Table 8.17. This means that only 
statistically significant predictor constructs of the corresponding predicted constructs 
were included in the moderated structural models. The three predicted constructs 
concerned are: (i) operational flexibility, (ii) tactical flexibility and (iii) strategic 
flexibility. 
  
Following the two-stage PLS moderating approach described in Section 6.8.3, main-
effect and moderated models were developed in the corresponding stages 1 and 2 of 
the moderating procedure. Subsequently, these two models were compared to 
determine the overall size (f2) of interaction effect using Eq. 6-7 (see Section 6.5.3). 
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The bootstrapping re-sampling method was used to compute the standard errors for 
significance testing of path coefficients in the developed moderated structural 
models. 
 
8.6.1 Moderating effects of environmental conditions on the relationship between 
significant determinants and firms’ operational flexibility 
Three predictor constructs (i.e., employees’ skills and behaviour, supply chain 
capabilities and product leadership initiative) were included in the moderated 
structural model in testing the effect of environmental conditions (i.e., market and 
technological conditions) on the relationships between the predictor constructs and 
firms’ operational flexibility as shown in Figure 8.8. Stage 1 (grey dashed line) 
represents the main-effect model that involves the predictor, moderator and predicted 
constructs, while stage 2 (black dotted line) represents the moderated model that 
comprises the predictor, product (i.e., interaction between predictor and moderator) 
and predicted constructs.  
 
Table 8.40 shows the PLS path analysis for the developed moderated structural 
model for stages 1 and 2. In stage 1, the majority of the constructs have significant 
influnces (p < 0.01) on firms’ operational flexibility, namely (i) supply chain 
capabilities (X5); (ii) employees’ skills and behaviour (X3); (iii) product leadership 
initiative (X6.2PLS); and (iv) market conditions (ZMC). Their corresponding path 
coefficients are 0.39, 0.37, -0.23 and -0.28. In this case, technological conditions 
(i.e., ZTCn) are found to have an insignificant impact on firms’ operational flexibility. 
The predictor constructs, (i) to (iii), have the expected signs similar to that of PLS M2 
(see Section 8.5.6.1), while the moderator construct (i.e., ZMC) is found to have 
negative influence on a firm’s operational flexibility. This means that a high degree of 
market volatility is likely to hamper the firm’s operational flexibility. The correlations 
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between a firm’s operational flexibility and its market conditions are shown in Table 
8.41  
 
Figure 8.8 Moderating effects of environmental conditions on operational flexibility 
 
Table 8.40 Path analysis on moderating effects of environmental conditions on 
operational flexibility 
 Operational flexibility 
 Stage 1 (Main-effect model)
Stage 2 
(Moderated model)
Independent variables β-value t-value β-value t-value 
Employees’  skills and behaviour  0.37 4.24** 0.22 1.78* 
Supply chain capabilities  0.39 4.60** 0.26 1.86* 
Product leadership initiative -0.23 2.24* -0.16 1.69* 
Market conditions -0.28 2.84** -0.18 1.55 
Technological conditions 0.01 0.24 -0.01 0.01 
Employees’ skills and behaviour x market conditions   0.01 0.01 
Employees’ skills and behaviour x technological conditions   0.08 1.28 
Supply chain capabilities x market conditions   0.10 1.04 
Supply chain capabilities x technological conditions   0.01 1.16 
Product leadership x market conditions   -0.15 1.59 
Product leadership x technological conditions   0.07 1.21 
R2  0.665 0.825 
ƒ2  0.914 




Table 8.41 Correlations between firms’ operational flexibility and market conditions 
Item 
Code Description MC1 MC4 MC5 MC6 F1 F2 F10 F11 F14
MC1 Fluctuation of demand for constructed facilities 1.000         
MC4 Price competition in the construction market   .489** 1.000        
MC5 Intense competition in the construction market .403** .697** 1.000       
MC6 Fluctuation of supply of construction resources .388* .468** .342* 1.000      
F1 Ability to modify your firm’s operational structure -.078 -.279 -.246 -.466** 1.000     
F2 
Ability to integrate, construct and 
reshape your firm’s financial 
resources 
-.244 -.161 -.284 -.400** .519** 1.000    
F10 
Ability to construct facilities using 
different construction methods and 
materials 
.170 -.011 -.121 -.180 .501** .346* 1.000   
F11 
Ability to make decisions on non-
routine and significant events which 
cannot be anticipated in advance 
-.198 -.212 -.364* -.221 .516** .410** .621** 1.000  
F14 
Ability to integrate your internal 
functions with external firms in 
providing value-added services to 
clients 
-.198 -.133 -.316* -.313* .517** .561** .427** .511** 1.000
Note: ** denotes correlation is significant at the 0.01 level (2-tailed); * denotes correlation is significant 
at the 0.05 level (2-tailed) 
 
As can be seen from Table 8.41, MC6 has significant negative correlations with F1, 
F2, F11 and F14. This is followed by MC6, which is negatively correlated with F11 
and F14. These findings suggest that in a volatile market, characterized by unstable 
supply of resources and intense competition, contractors’ abilities, in terms of: (i) 
modifying their organizational structure; (ii) integrating and reshaping their financial 
resources; (iii) making decisions on non-routine and significant events that cannot be 
anticipated in advance; and (iv) integrating their internal functions with external firms, 
will be affected to a great extent. More often than not, contractors are posed with the 
following questions in a volatile market (following Wernerfelt and Karnani, 1987):  
• When is the most appropriate time to respond - shall they act now or wait until the 
uncertainty has been fully or partially resolved?  
• What is the best solution at the most appropriate moment – to focus firms’ 




In search for solutions to the above questions, it is not uncommon to note that 
contractors would adopt a ‘wait-to-see’ approach. In fact, under such scenarios, 
contractors would need to rely heavily on their employees’ skills and behaviour and 
supply chain capabilities in sustaining their firms’ operational flexibility. The desired 
attributes include employees’ adaptiveness and receptiveness in seeking for better 
alternatives, and superior supply chain capabilities in procuring materials globally and 
improving the quality of construction services and products.  
 
Next, in the 2nd stage of the moderating procedure when the product constructs were 
added to the predictor and moderator constructs, a R2 value of 0.825 is obtained for 
the moderated model. Using the R2 values obtained in both stage 1 and 2, it is found 
that the overall size (ƒ2) for the interaction effect is 0.914, indicating a large 
moderating effect. However, it is noted that all product constructs, Xn*Zn, are not 
statistically significant with their path coefficients ranging from -0.15 to 0.10. This 
means that moderating effects of market and technological conditions were found not 
to be statistically significant on the relationships between determinants and 
operational flexibility.  
   
8.6.2 Moderating effects of environmental conditions on the relationship between 
supply chain capabilities and firms’ tactical flexibility 
Turning to tactical flexibility, Figure 8.9 shows the moderated structural models 
constructed to test the moderating effect of environmental conditions on the 
relationship between firms’ supply chain capabilities (X5) and their tactical flexibility 
(YTF). Results of the corresponding PLS path analysis of the main-effect and 
moderated models are reported in Table 8.42. It can be seen that ‘supply chain 
capabilities’ is the only construct with a statistically significant positive influence on 
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firms’ tactical flexibility in both the main-effect and moderated models. Also, the 
moderator constructs (i.e., ZMC and ZTCn) are found to have an insignificant impact on 
firms’ tactical flexibility. Further evidence of the insignificance of the interaction effect 
can be obtained by considering the relatively small overall size for the interaction 
effect (ƒ2 = 0.10). This suggests that firms’ tactical flexibility is less likely to be 
influenced by environmental conditions. From another perspective, this may indicate 
that firms that possess strong supply chain capabilities are able to remain tactically 
flexible without being significantly influenced by changes in environmental conditions.  
 
Stage 1 Stage 2
Xn – Predictor construct
Yn – Predicted construct 
Zn – Moderator construct











Supply chain capabilities x 
market conditions
(X5*ZMC)











Table 8.42 Path analysis on the moderating effects of environmental conditions on 
tactical flexibility 
 Tactical flexibility 




Independent variables β-value t-value β-value t-value 
Supply chain capabilities 0.47 3.17** 0.34 2.42* 
Market conditions 0.01 0.11 0.01 0.12 
Technological conditions -0.15 0.71 -0.04 0.38 
Supply chain capabilities x market conditions   0.03 0.60 
Supply chain capabilities x technological conditions   0.14 0.84 
R2 0.260 0.326  
ƒ2  0.10 
Note: ** denotes significant at p <0.01 level; * denotes significant at p <0.05 level (one tailed) 
 
8.6.3 Moderating effects of environmental conditions on the relationship between 
business strategies and firms’ strategic flexibility 
Figure 8.10 shows the moderated structural models constructed to test the 
moderating effect of environmental conditions on the relationship between firms’ 
business strategies (X6) and strategic flexibility (YSF). Results of the path analysis in 
Table 8.43 show that the three dimensions of firms’ business strategies pose 
significant positive impacts on firms’ strategic flexibility, similar to that of PLS M2. It is 
however noted that the order of importance of these predictor constructs is different 
from that of PLS M2. In this case, firms’ cost leadership initiative (X6.1CLS) has the 
largest impact on their strategic flexibility, and is followed by customer intimacy 
(X6.2CIS) and risk leadership (X6.1RLS) initiatives. One possible explanation is that the 
inclusion of the moderator constructs has caused the changes to the order of 





Figure 8.10 Moderating effects of environmental conditions on strategic flexibility 
 
Table 8.43 Path analysis on moderating effects of environmental conditions on 
strategic flexibility 
 Strategic flexibility 




Independent variables β-value t-value β-value t-value 
Cost leadership initiative 0.39 2.41* 0.30 1.98* 
Risk leadership initiative 0.30 2.25* 0.20 1.12 
Customer intimacy initiative 0.38 3.80** 0.32 2.52* 
Market conditions 0.05 0.71 0.15 0.91 
Technological conditions -0.24 1.91* -0.20 1.39 
Cost leadership initiative x market conditions   -0.14 0.47 
Cost leadership initiative x technological conditions   -0.08 0.35 
Risk leadership initiative x market conditions   0.03 0.01 
Risk leadership initiative x technological conditions   -0.04 0.09 
Customer intimacy initiative x market conditions   -0.06 0.03 
Customer intimacy initiative x technological conditions   -0.16 1.03 
R2 0.560 0.638  
ƒ2  0.22 




In the main-effect model with a R2 value of 0.560, technological conditions is the only 
moderator construct that has a significant negative influence (β = -0.24) on firms’ 
strategic flexibility. This means that a high degree of technological volatility is likely to 
restrict a firm’s ability to be strategically flexible. It is possible that interviewees’ firms 
possess a relatively high strategic flexibility potential, considering the comparatively 
low and steady rate of technological changes within the Singapore construction 
industry. This is consistent with Lim et al. (2006), who found that the Singapore 
construction industry has been relatively slow in technological progress. This 
phenomenon may also help to explain why firms’ operational and tactical flexibility 
potentials are not significantly affected by the technological conditions within the 
industry.  
 
However, the interviews also revealed that some contractors are becoming 
concerned about the increasing pace of technological progress in the construction 
industry. Interviewee S12 expressed the view that: 
Our company was awarded an eco-precinct project under a Design-and-Build 
contract. However, we were asked to resubmit our tender in the later 
contractual phase on the ground that our design was not sufficiently “green”. 
Eventually we needed to incorporate “greener” technologies and re-design 
the entire layout and surroundings. 
  
The above findings may indicate the growing need for contractors to closely monitor 
and follow the trends of technological change within the Singapore construction 
industry. It appears that contactors’ failure to follow current trends may have a 
detrimental effect on their strategic flexibility potential since technological conditions 
are found to negate firms’ strategic flexibility in this study. As can be seen from Table 
8.44, TCn2 and TCn3 have significant negative correlations with F12. This may 
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indicate that the rapid emergence of new construction process technologies and 
increasing demand for facilities fitted with advanced technology could weaken 
contractors’ ability to exploit a range of procurement options effectively. This is 
especially true in the business environment where clients are seeking for more 
integrated value-added services (see Sections 2.4.3, 2.4.4 and 2.5), and highly 
customized and complicated high-tech built facilities (see Section 2.4.5 and 2.5).  
 




Description TCn1 TCn2 TCn3 F8 F12 F13 F15 
TCn1 Rapid emergence of new information technology on business operations 1.000       
TCn2 Rapid emergence of new construction process technology on business operations .693** 1.000      
TCn3 Demand for advanced technological constructed facilities (e.g., intelligent building) .669** .696** 1.000     
F8 Ability to operate effectively and profitably in different market conditions -.108 -.134 -.025 1.000    
F12 
Ability to exploit a range of procurement options 
effectively (e.g., Design & Build and Construction 
Management) 
-.219 -.424** -.425** .370* 1.000   
F13 
Ability to provide a range of construction services 
(e.g., residential construction and property 
maintenance) 
-.097 -.077 .036 .293 .522** 1.000  
F15 
Ability to respond to changes in delivery 
schedule due to unpredictable changes in client 
requirements 
.015 -.093 -.044 .337* .450** .249 1.000
Note: ** denotes correlation is significant at the 0.01 level (2-tailed); * denotes correlation is significant at 
the 0.05 level (2-tailed) 
 
Turning to the moderated model with R2 value of 0.638, it is found that the ƒ2 value 
for the overall size of the interaction effect is 0.22, indicating a fair interaction effect. 
Despite this indication, it can be seen that none of the six product constructs (for 
example, X6.1CLS*ZMC and X6.2CIS*ZTCn) is found to have a statistically significant 
influence on firms’ strategic flexibility. This indicates that environmental conditions do 
not have moderating effects on the relationship between firms’ customer intimacy, 





This chapter completes the reporting and discussion of the results based on two 
structural models (i.e., PLS M1 and PLS M2) that specified the relationships among 
construction firms’ resources, capabilities, strategies (i.e., determinants) and their 
flexibility potentials. The results of PLS M1 show that all determinants, except 
technological capabilities (X4), have statistically significant influences on different 
dimensions of organizational flexibility. It is found that a firm’s operational flexibility 
(YOF) is positively influenced by: (i) employees’ skills and behaviour (X3); (ii) open-
mindedness (X1O); (iii) supply chain capabilities (X5); and (iv) cost leadership 
initiative (X6.1CLS). However, organizational structure (X2) and shared vision and 
value (X1SV) are found to have significant negative influences on firms’ operational 
flexibility (YOF). As for tactical flexibility (YTF), supply chain capabilities (X5) and 
product leadership (X6.2PLS) are the only two predictor constructs found to have 
significant impacts. Turning to firms’ strategic flexibility (YSF), four positive significant 
predictor constructs are detected: (i) customer intimacy initiative (X6.2CIS); (ii) shared 
vision and value (X1SV); (iii) cost leadership initiative (X6.1CLS); and (iv) risk 
leadership initiative (X6.1RLS). All these help to address the second research 
objective.  
 
Seventeen hypotheses are tested based on the inter-relationships developed within 
PLS M2. Of these, 13 are partially supported (i.e., H2, H3, H4, H5, H6, H9, H10, H11, H12, 
H14, H16, H17 and H18). H7, H8, H13 and H15 are not supported. The results show that 
the attribute of open-mindedness (X1O) and technological capabilities (X4) are the 
only two predictor constructs found with significant impacts on organizational 
structure (X2). This is followed by organizational structure (X2), having a statistically 




Also, the findings indicate that a firm’s technological capabilities (X4) is significantly 
influenced by its shared vision and value (X1SV) before the former shapes the firm’s 
organizational structure (X2) (i.e., X1SV Æ X4 Æ X2) and customer intimacy initiative 
(X6.2CIS) (i.e., X1SV Æ X4 Æ X6.2CIS). Thereafter, the firm’s customer intimacy 
initiative (X6.2CIS), cost leadership (X6.1CLS) and risk leadership (X6.1RLS) are found to 
collectively influence its strategic flexibility (YSF).   
 
Turning to tactical flexibility (YTF), supply chain capabilities (X5) is the only predictor 
construct that impacts it significantly. The results indicate that a firm’s commitment to 
learning (XCL) significantly influences its employees’ skills and behaviour (X3), in 
which the latter in turn shapes the firm’s supply chain capabilities (X5) (i.e., XCL Æ X3 
Æ X5). Subsequently, the firm’s employees’ skills and behaviour (X3), supply chain 
capabilities (X5) and product leadership initiative (X6.2PLS) collectively shape its 
operational flexibility (YOF).  
 
In general, the results, based on PLS M2, indicate that employees’ skills and 
behaviour (X3), supply chain capabilities (X5) and business strategies (X6) are found 
to pose the greatest positive impacts on firms’ operational flexibility, tactical flexibility 
and strategic flexibility, respectively. Also, the results indicate that supply chain 
capabilities (X5) is the only determinant that has an effect on two dimensions of 
organizational flexibility, i.e., operational and tactical flexibilities. All these help to 
address the third research objective. 
 
To address the fourth research objective, the moderating effects of environmental 
conditions (i.e., market and technological conditions) on the relationships between 
the key determinants and organizational flexibility were examined. Based on the 
empirical results obtained, no moderating effects of market and technological 
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conditions were found statistically significant on the relationships between 
organizational flexibility and its key determinants. However, it was found that market 
and technological conditions have statistically a significant negative direct impact on 
firms’ operational and strategic flexibility potentials, respectively. The next chapter 














CHAPTER 9  
VALIDATION OF RESULTS AND PRACTICAL APPLICATION 
 
9.1 Introduction 
The focus of this chapter is on the validation of the results, derived from the two 
structural models, and their practical application. First, it discusses the design 
(Section 9.2) and testing (Section 9.3) of flexibility indices, followed by presenting the 
interview findings concerning the practicality and comprehensiveness of the results 
derived from PLS M1 and M2 (Section 9.4). Finally, it describes the practical 
application of the results (Section 9.5).  These help to address the fifth research 
objective of this study.   
 
9.2 Designing flexibility indices  
Objective 5 of this study is to design and test flexibility indices that measure a 
construction firm’s flexibility potential.  Flexibility indices are calculated using the 
three equations derived from the resultant PLS M2.  Three equations are provided to 
predict: (i) operational flexibility; (ii) tactical flexibility; and (iii) strategic flexibility.  
These are elaborated below.  
 
9.2.1 Operational flexibility (YOF) 
As reported in Section 8.5.6.1, the three statistically significant predictor constructs of 
operational flexibility (YOF) are: (i) employees’ skills and behaviour (X3); (ii) supply 
chain capabilities (X5); and (iii) product leadership initiative (X6.2PLS). By substituting 
the respective path coefficients (i.e., parameter estimates) for the predictor 
constructs, a mathematical model for predicting a firm’s operational flexibility 
potential is formulated as follows: 
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YOF = 0.419 (X3) + 0.358 (X5) – 0.229 (X6.2PLS)  Eq. 9-1 
 
where: YOF = predicted operational flexibility index of individual interviewees’ firms;  
X3 = the ‘employees’ skills and behaviour’ construct score of individual 
interviewees’ firms;  
X5 = the ‘supply chain capabilities’ construct score of individual interviewees’ 
firms; and 
X6.2PLS = the ‘product leadership initiative’ construct score of individual 
interviewees’ firms.  
 
Considering the mathematical model (Eq. 9-1) and constructs’ scores, it appears that 
the higher the constructs’ scores for both ‘employee skills and behaviour (X3)’ and 
‘supply chain capabilities (X5)’, the greater will be contractors’ operational flexibility 
potential (YOF). On the other hand, contractors’ aggressive endeavours in their 
product leadership initiative, exemplified by the high construct’s score, are likely to 
reduce their operational flexibility potential. This leads to the negative parameter 
estimate (i.e., –0.229) of the product leadership initiative construct. Corresponding to 
this, a lower product leadership initiative score will contribute to higher firms’ 
operational flexibility.  
 
9.2.2 Tactical flexibility (YTF) 
As established in Section 8.5.6.2, supply chain capability (X5) is the sole statistically 
significant predictor of tactical flexibility (YTF). It follows that the mathematical model 
developed for predicting tactical flexibility is given as: 
YTF = 0.415 (X5)       Eq. 9-2 
 
where: YTF = predicted tactical flexibility index for individual interviewees’ firms; and 
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 X5 = the ‘supply chain capabilities’ construct score of individual interviewees’ 
firms  
 
Based on Eq. 9-2, this indicates that contractors with a higher positive supply chain 
capabilities construct’s score are likely to possess a higher tactical flexibility potential.  
 
9.2.3 Strategic flexibility (YSF) 
Turning to a firm’s strategic flexibility potential, three statistically significant 
predictors, deriving from the firm’s business strategies, were identified. They are: (i) 
customer intimacy initiative (X6.2CIS); (ii) cost leadership initiative (X6.1CLS); and (iii) 
risk leadership initiative (X6.1RLS). The following is the mathematical model 
developed to predict a firm’s strategic flexibility potential: 
YSF = 0.384 (X6.2CIS) + 0.339 (X6.1CLS) + 0.324 (X6.1RLS)  Eq. 9-3 
 
where: YSF    = predicted strategic flexibility index of individual interviewees’ firms;  
 X6.2CIS = the ‘customer intimacy initiative’ construct score of individual 
interviewees’ firms;  
X6.1CLS = the ‘cost leadership initiative’ construct score of individual 
interviewees’ firms; and 
X6.1RLS = the ‘risk leadership initiative’ construct score of individual 
interviewees’ firms.  
 
Looking at Eq. 9-3, it can be seen that contractors who have higher positive scores in 
their customer intimacy, cost leadership and risk leadership initiatives constructs are 




9.3 Testing flexibility indices  
9.3.1 Subject domain experts 
After much persuasion, four experts agreed to validate the resultant models (see 
Section 5.6 for the selection process). Face-to-face interviews were conducted with 
these subject matter experts. They are from senior management of construction firms 
in Singapore, comprising two senior managers and two directors. In order to preserve 
anonymity and to facilitate further discussion, individual experts were assigned with a 
code starting with an ‘E’ letter and followed by the numbering from one to four (i.e., 
E1, E2, E3 and E4). These experts have extensive working experience in the 
Singapore construction industry, ranging from 20 years (min.) to 35 years (max.), and 
an average of 24 years.  
 
The experts were asked to: (i) comment on the practicality and comprehensiveness 
of the resultant models, administered by an interview guide (which will be discussed 
below), and (ii) complete a questionnaire. The questionnaire, used for the 
development of the structural models, was modified based on the findings reported in 
Chapter 7 in which inconsistent measurement items of respective constructs were 
removed from the structured questionnaire appended in Appendix C. Through this 
exercise, the length of the questionnaire was shortened, and interviews could be 
conducted efficiently. Similar to the data collection procedure discussed in Section 
5.5.2, the experts were asked to justify their responses or selections in the 
questionnaire. Also, to facilitate the interviewing process, an interview guide was 
developed in an attempt to seek the experts’ opinion on the practicality of the 
constructed models. As shown in Appendix E, this guide consists of: (i) a brief 
introduction to the validation process; (ii) a list of questions; and (iii) the diagrams of 
PLS M1 and PLS M2 showing the influences and interrelationships between the 




The interviews took an average of 100 minutes each. Two interviews were recorded 
and transcribed, and for the other two, notes were taken because of the experts’ 
request not to be recorded.  
 
9.3.2 Comparing actual and predicted indices  
New datasets collected from the four experts were used to test the flexibility indices. 
Using Eq. 9-1 to 9-3, predictive flexibility indices were calculated. These were 
compared to actual flexibility indices (see page 428 for definitions of predicted and 
actual flexibility indices).  
 
In calculating the predicted and actual flexibility indices, weights (ωξ) for individual 
measurement items of respective constructs were used (see Section 6.4.2). These 
weights provide a more realistic and accurate prediction of the individual contribution 
of each measurement item on the solitary score of respective constructs compared 
with the averaged and summated scale used in a regression analysis (see Section 
6.5.2). This is because the latter assumes equal weighting for individual 
measurement items of respective constructs.  
 
Table 9.1 shows the weights for individual measurement items of respective 
constructs for the model prediction purposes. In this study, these weights were 
generated by the PLS algorithm based on the SmartPLS 2.0 M3 Software. Taking the 
‘employees’ skills and behaviour’ construct as an example, it can be seen from Table 
9.1 that individual items contribute, to a varying degree (i.e., different weightings), to 
the composite score of the construct. The weights (ωξ) of individual items are 











































ESB1 0.136 SC2 0.139 B9 0.281 B5 0.328 B2 0.202 
ESB2 0.183 SC3 0.272 B10 0.168 B6 0.291 B3 0.240 
ESB4 0.167 SC4 0.204 B14 0.323 B11 0.382 B4 0.267 
ESB5 0.139 SC5 0.218 B15 0.228   B13 0.291 
ESB6 0.183 SC6 0.167       






























B7 0.370 F1 0.168 F3 0.225 F8 0.274 
B12 0.367 F2 0.176 F4 0.266 F12 0.252 
B16 0.263 F10 0.197 F5 0.227 F13 0.260 
  F11 0.229 F7 0.282 F15 0.214 




Based on the varying weights of individual measurement items of the respective 
constructs, the model prediction procedure for the experts’ flexibility potential, in 
terms of their: (i) operational flexibility; (ii) tactical flexibility; and (iii) strategic 
flexibility, are as follows. 
1. The inputs (or ratings), i.e., Section 10 of the questionnaire, provided by the 
experts concerning the 13 measurement items of organizational flexibility, 
were used to compute the indices for the three flexibility dimensions. As 
reported in Chapter 7, the measurement items were factorized into their 
respective dimensions based on the results of the exploratory and 
confirmatory factor analyses. In this study, the ratings assigned to individual 
items were multiplied by the respective weights shown in Table 9.1, under the 
headings of YOF, YTF and YSF. Following this, these weighted ratings were 
totalled to yield the composite scores for the respective flexibility dimensions. 





2. The ratings assigned to measurement items of various constructs (i.e., the 
key resource-based determinants) were used to predict the indices for the 
three flexibility dimensions. In this study, the weighted sums of corresponding 
measurement items formed the composite scores of the respective 
constructs. These scores were subsequently substituted into Eq. 9-1, 9-2 and 
9-3 to predict the indices for the three flexibility dimensions. Hereinafter, these 
resultant values are termed as predicted flexibility indices.  In this study, the 
predicted indices were normalized to a 1-7 scale using a linear interpolation 
method.  
 
3. The actual and normalized predicted indices of the three flexibility dimensions 
were compared to test the robustness of the three models developed based 
on the findings of the PLS M2. Also, the predicted indices w 
 
To determine the robustness of the predictive models, three equations were adopted 
(following Upton and Cook, 2006):  
(i) Eq. 9-4 is used to measure the percentage errors between the actual and 
predicted flexibility indices of respective flexibility dimensions.  
Percentage error (PE) =  Eq.9-4 
 
(ii) Eq.9-5 is used to measure the mean percentage error by adding all 
percentage errors (PE) found in Step (i), and then dividing the sum by the 
number of observations, n. and 
Mean percentage error (MPE) = 
n




(iii)  Using Eq. 9-6 to measure the mean absolute percentage error by adding all 
percentage errors (PE) found in Step (i), using their absolute values, and then 
dividing the sum by the number of observations, n.  
Mean absolute percentage error (MAPE) = 
n
PE∑   Eq.9-6 
 
The results in Table 9.2 show that the percentage errors obtained for the three 
predictive models range from -43.72% to 31.53%. As the percentage errors 
registered for Model YSF are all positive, the mean percentage errors and mean 
absolute percentage errors are the same at 24.84%. This indicates that Model YSF 
underestimated the strategic flexibility of the four experts’ firms. On the other hand, 
the corresponding mean percentage errors and mean absolute percentage errors 
registered for Model YTF at -27.36% and 27.36% indicate that the model 
overestimated the tactical flexibility potentials of the experts’ firms. All these suggest 
that Models YTF and YSF do not yield high levels of accuracy in predicting tactical 
flexibility and strategic flexibility, and are therefore not robust predictive models.  
 
Turning to Model YOF, it can be seen that the corresponding mean percentage error 
and mean absolute percentage error of -5.89% and 6.59% were obtained (see Table 
9.2). These relatively small error percentages suggest that Model YOF is relatively 
































E1 4.062 4.124 -1.53% 
E2 4.832 4.764 1.41% 




E4 3.811 4.531 -18.89% 
-5.89% 6.59% 
E1 3.266 4.694 -43.72% 
E2 4.813 5.694 -18.30% 




E4 4.266 5.308 -24.43% 
-27.36% 27.36% 
E1 4.466 3.658 18.09% 
E2 5.740 3.93 31.53% 




 E4 4.986 3.659 26.61% 
24.84% 24.84% 
 
The above results substantiate that Model YOF is able to predict more accurately than 
Model YTF and YSF. Although Models YTF and YSF have not performed satisfactorily in 
predicting a firm’s tactical and strategic flexibility potentials, it does not imply that the 
models are not informative since they provide valuable insights about the driving 
factors of the firm’s tactical and strategic flexibilities. Also, the imprecision of the two 
models may be largely due to the small sample size used for model validation (n=4).  
 
9.3.3 Correlations between organizational flexibility and annual turnover 
To further confirm that the flexibility indices are valid measures, correlations between 
the three flexibility dimensions and firms’ annual turnover is investigated. This also 
seeks to answer the question whether the higher a firm’s flexibility potential, the 
higher will be the firm’s annual turnover.  
 
In assessing the correlations between the three dimensions of organizational 
flexibility and firms’ annual turnover, these steps were adopted:   
1. calculating the predicted standardized flexibility indices of individual 
interviewees’ firms by substituting the standardized scores of respective 
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constructs (generated by the PLS estimation algorithm based on the 
SmartPLS 2.0 M3 software) in Eq. 9-1, Eq. 9-2 and Eq. 9-3;  
2. entering the predicted standardized flexibility indices (obtained in Step 1) and 
interviewees’ firms annual turnover into the SPSS software;  
3. standardizing the annual turnover of individual interviewees’ firms into a Z-
score, with a mean of 0 and standard deviation of 1; and 
4. performing the Pearson correlation test to determine the presence (or 
absence) and intensity of the correlation between the predicted standardized 
flexibility indices and standardized annual turnovers. 
 
In this study, the standardization process is used to enable direct comparison among 
the three flexibility dimensions and annual turnover on a common basis. It is because 
contractors’ turnover was measured in terms of real value (SGD$), while the three 
flexibility indices were predicted based on respective constructs that were measured 
using an ordinal scale format (see Appendix C).   
 
Table 9.3 shows that the three flexibility dimensions are significantly and positively 
correlated with contractors’ annual turnover. This suggests that the higher the level of 
contractors’ flexibility potential, the higher will be their annual turnover (sales 
volume). Also, it is found that the three distinctive flexibility dimensions are positively 
correlated among one another, similar to the results reported in Table 7.18. The 
implication here is that the higher the level of contractors’ flexibility potential in one of 
three flexibility dimensions, the higher will be their flexibility potential in the other two 
flexibility dimensions. Despite sharing similar findings, it should be noted that 
different components were used to compute the correlation coefficients of the three 
flexibility dimensions in both Tables 9.3 and 7.18. The correlation coefficients, shown 
in Table 9.3, were derived from the predicted flexibility indices extracted from 
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Sections 9.2.1 to 9.2.3. As for the coefficient coefficients reflected in Table 7.18, they 
were computed based on the weighted sum of measurement items of respective 
constructs. 
 
Table 9.3 Correlations between three flexibility dimensions and annual turnover 























0.336* 0.456** 0.528** - 
Note: * denotes correlation is significant at 0.05 level (2-tailed); ** denotes correlation is significant at 
0.01 level (2-tailed) 
 
9.4 Experts’ views about the resultant structural models 
This section focuses on the external validity of the resultant models PLS M1 and PLS 
M2, examining the extent to which the models are comprehensive and applicable in a 
real world situation.   
 
9.4.1 Experts’ opinions about the results of the PLS M1 
During the interviews, the PLS M1 diagram was introduced to the four experts after 
completing the structured questionnaire. They were requested to comment on: (i) the 
dimensionality of organization flexibility in construction, and (ii) the practicality of the 
findings of PLS M1. The interview findings on PLS M1 are now discussed.  
 
9.4.1.1 Three dimensions of organizational flexibility  
A consensus was obtained among all experts that organizational flexibility could be 
characterized along three dimensions, i.e., (i) operational flexibility (YOF); (ii) tactical 
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flexibility (YTF); and (iii) strategic flexibility (YSF). In view of the definitions attached to 
individual dimensions, they pointed out that these dimensions are pertinent to the 
construction industry. Among the three dimensions, three experts (i.e., E1, E3 and 
E4) shared the view that being operationally and tactically flexible is more important 
than being strategically flexible. They explained that the operational and tactical 
flexibility deal with more immediate and anticipated changes, while the strategic 
flexibility dimension contains a more ‘mysterious’ and unfamiliar nature. Expert E1 
expressed that: 
If a firm could not even deal with operational and tactical changes, there is no 
way the firm can cope with non-routine and unstructured changes...Especially 
in the prevailing business environment, it is becoming more difficult to plan 
and forecast in advance what will happen in the Singapore construction 
industry. The pre-requisite for continued existence is to be responsive to 
changes in a timely and cost-effective manner. In my opinion, a firm would 
need to be at least operationally and tactically flexible.   
 
From another perspective, interviewee E2 pointed out that the three dimensions are 
equally important to a firm’s continued existence. He added that different 
organization members should be involved and responsible to develop a firm’s 
flexibility potential, i.e., flexible options. According to him, managers (for example, 
senior project manager, departmental manager and general manager) are the best 
personnel to develop the firm’s operational and tactical flexibility potentials, whereas 
directors should focus on developing strategic flexibility, which involves mapping the 
firm’s future directions.  
 
The next question was related to whether there is a need to combine the three 
flexibility dimensions and subsequently, offer a single index reflecting a firm’s 
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flexibility potential. Two streams of viewpoints were collected. Experts E2 and E4 
shared the view that it is useful to have three indices corresponding to the three 
flexibility dimensions. They stated that individual dimensions could provide different 
insights of firms’ strengths and/or weaknesses. Expert E4 added that it is difficult for 
firms to detect their standings and areas for improvement based on a single index.  
 
On the other hand, Experts E1 and E3 pointed out that it would be helpful if the three 
flexibility dimensions could be combined into two indices showing the flexibility 
potential of construction firms. They suggested that the operational and tactical 
flexibility dimensions might be combined as a single index, while the strategic 
flexibility dimension could be a standalone index. This suggestion is consistent with 
the aforementioned view that operational and tactical flexibility are responsive 
options dealing with immediate and familiar changes, while the strategic flexibility 
involves with unstructured changes.  
 
This study acknowledges that different companies may have different emphasis on 
the importance of the three flexibility dimensions, and in turn setting different 
objectives and implementing different practices towards achieving each dimension. 
Thus, it appears reasonable to discover the differences in experts’ opinions on the 
permutation of flexibility dimensions. A research decision was made not to integrate 
the three indices into one global flexibility index.  This is consistent with hypothesis 
H1 that organizational flexibility is not single-dimensional, and hence, flexibility 
indices can be reflected in three components.   
 
Admittedly, there is a potential to research this further to find out the relative 
importance of each flexibility dimension, and then use a weighted approach, integrate 




9.4.1.2 Practicality and comprehensiveness of the results concerning PLS M1 
In view of the practicality of result concerning PLS M1, all experts shared the view 
that the resultant model has, to a great extent, identified all the key determinants of 
organizational flexibility. However, Experts E1 and E3 pointed out that the model is 
only sufficient to provide an overview of the influential determinants of firms’ flexibility 
potential. Expert E1 added that the model could consider the influence of financial 
resources on a firm’s flexibility potential.  
 
Consistent with the resource-based view of firms discussed in Section 3.9.3, all 
experts shared the view that it is important to consider the inter-relationships 
between the key determinants identified for a better understanding of construction 
business flexibility management. According to them, the integration and configuration 
of those interrelated key determinants are the means towards better firm 
performance. Expert E2 explained that an organization’s culture will directly affect its 
employees’ behaviour and organizational structure, and added that these cause-and-
effect relationships will, in turn, shape the firm’s performance. Experts’ concerns for 
the inter-relationships between the key determinants were noted, even before PLS 
M2 was presented to them.  
 
9.4.2 Experts’ opinions about the results of PLS M2 
Upon presenting PLS M2, all experts pointed out that this model is more practical 
compared to PLS M1. They however shared the view that the resultant PLS M2 may 
appear too complex for application in construction. Experts E2 and E4 suggested that 
it would be good to develop a computer program (i.e., decision support system) to 
help contractors to determine their flexibility potential based on PLS M2. In view of 
contractors’ literacy level and busy work commitment, all experts commented that, if 
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the mathematical models derived from PLS M2 are not further developed into an 
easy-to-use instrument, the models are simply too theoretical, and of less practical 
use in a real-life business environment.  
 
In terms of the comprehensiveness of the resultant PLS M2, the four experts agreed 
that the model has captured the essential inter-relationships among respective key 
determinants and the flexibility dimensions. Various discussions arose on the 
resultant inter-relationships, for example, the negative influence of contractors’ 
technological capabilities on organizational structure. All experts shared the view that 
the negative impact was expected, considering contractors’ slow adoption of 
advanced technologies along with their ‘secretive’ and ‘defensive’ working nature. 
Three experts (i.e., E1, E2 and E4) explained that it is a long-established practice, 
especially in family-controlled businesses, where only company executives (e.g., 
chairman, directors and general managers) have access to price-related and past 
projects records. Expert E1 added that this phenomenon could be one of the reasons 
why organizational structure has a positive influence on a firm’s risk leadership 
initiative (see Section 8.5.5.2).  
 
9.5 Application 
In this study, the structural model (PLS M2) developed could be used as self-
assessment tools for construction firms, providing them with valuable insights into the 
inter-relationships of determinants, towards achieving organizational flexibility. Three 
checklists were developed to help construction firms to direct their strategic 
endeavour in acquiring and developing key resources and capabilities towards 
attaining different dimensions of flexibility, i.e., operational flexibility (see Figure 9.1), 
tactical flexibility (see Figure 9.2) and strategic flexibility (see Figure 9.3). For 
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illustration purpose, the application of the checklist for attainment of operational 
flexibility (YOF) is now discussed.  
 
Figure 9.1 shows the checklist for construction firms to achieve and develop their 
operational flexibility. Three key determinants of operational flexibility are identified: 
(i) employees’ skills and behaviour (X3); (ii) supply chain capabilities (X5); and (iii) 
product leadership initiative (X6.2PLS). The weights (ωξ) assigned represent the 
importance of individual measurement items within their respective constructs (for 
example, F14 and F11 are the two most important features in a firm’s operational 
flexibility). This provides managers with valuable insights concerning the important 
features of their operational flexibility (YOF), and thus enabling them to prioritize their 
concerns. Upon identifying their concerns, managers may examine the relationships 
between the key determinants and operational flexibility (YOF), as shown in Table 9.4, 
and subsequently, identify and implement appropriate means for achieving improved 
operational flexibility (YOF). Taking an example where managers seek to improve F14 
for improved operational flexibility, they should assess their firms’ attributes, in terms 
of ESB2, ESB4, ESB8, SC2, SC3, SC4, SC5 and SC6, taking into consideration the 
weights of individual attributes and absolute effects (i.e., magnitude of influence) of 
employees’ skills and behaviour (0.419) and supply chain capabilities (0.358) on their 
operational flexibility (see Figure 9.1). These magnitudes of influence indicate that 
managers should give priority to development of employees’ skills and behaviour 
(X3), followed by supply chain capabilities (X5).  
 
Next, managers should consider the inter-relationships between their supply chain 
capabilities and employees’ skills and behaviour, and recognize the complementary 
roles of their inter-organizational relationship management practices and employees’ 
skills and behaviour towards achieving improved supply chain capabilities for 
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attainment of operational flexibility. Table 9.5 summarizes the relationships between 
firms’ supply chain capabilities, inter-relationship management practices and 
employees’ skills and behaviour. This enables managers to identify the appropriate 
practices and types of employees’ skills and behaviour for the type of supply chain 
capabilities required by their firms. Consistent with the aforementioned example, in 
the event where managers decided to emphasize on SC2 and SC3 (besides ESB2, 
ESB4 and ESB8) in their attempts to improve F14, they may consider placing greater 
emphasis on RM8, ESB4 and ESB6.  
 
As for employees’ skills and behaviour, Table 9.6 summarizes the relationships 
between firms’ commitment to learning, employees’ skills and behaviour and human 
resource management practices. Mangers could examine these relationships, and in 
turn implement appropriate practices and promote desired cultures for the types of 
employees’ skills and behaviour desired by their firms. Relating to the example 
above, managers may consider a range of attributes and practices in their efforts to 
improve ESB2, ESB4, ESB6 and ESB8. Some of the relevant practices and 
organizational attributes include: (i) CL1; (ii) C6; (iii) SM2; (iv) PM3; and (v) RM2 (see 
Table 9.6).  
 
On the other hand, firms may consider the negative influences (i.e., magnitude of 
influence) of commitment to learning (X1CL) Æ product leadership (X6.2PLS), and 
product leadership (X6.2PLS) Æ operational flexibility (YOF) when evaluating their 
organizational attributes for improved operational flexibility. The checklist indicates 
that managers may have to maintain a balance between their commitment to create 
a learning environment towards pursuing a product leadership initiative and 
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Figure 9.3 Checklist for attainment of strategic flexibility   




Table 9.4 Relationship guide 1 for checklists  
Note: Ï = significant positive correlation between two variables; Ð = significant negative correlation between two variables. Results were extracted from 
Tables 8.4 and 8.6.  











































































































































































































































































































































































































































































































































































































































































































































































































































ESB1 ESB2 ESB4 ESB5 ESB6 ESB8 SC2 SC3 SC4 SC5 SC6 B7 B12 B16 
F1 Ability to modify your firm’s operational structure  Ï   Ï Ï     Ï Ð   
F2 Ability to integrate, construct and reshape your firm’s financial resources  Ï     Ï Ï   Ï    
F10 
Ability to construct facilities using 
different construction methods and 
materials 
   Ï Ï Ï Ï Ï   Ï    
F11 
Ability to make decisions on non-routine 
and significant events which cannot be 
anticipated in advance 


























Ability to integrate your internal functions 
with external firms in providing value-
added services to clients 
 Ï Ï   Ï Ï Ï Ï Ï Ï    
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Table 9.5 Relationship guide 2 for checklists  
Note: Ï = significant positive correlation between two variables. Results were extracted from Tables 8.8, 8.29 8.30 and 8.32.  

































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































ESB1 ESB2 ESB4 ESB5 ESB6 ESB8 RM8 RM9 RM10 RM11 F3 F4 F5 F7 B9 B10 B14 B15 
SC2 Ability to procure materials on a global basis   Ï  Ï         Ï  Ï Ï  
SC3 Ability to improve the quality of construction services and products       Ï      Ï Ï  Ï   
SC4 Ability to attract repeat business from clients        Ï Ï Ï         



























SC6 Ability to coordinate delivery requirement to meet clients’ need on global basis  Ï Ï     Ï     Ï      
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The above presents the application of the checklist for attainment and development 
of operational flexibility. It should be noted that the assessment procedure discussed 
previously (following the direction of assessment) is similar to those of tactical 
flexibility (see Figure 9.2) and strategic flexibility (see Figure 9.3), whereby managers 
would need to cross-refer to the tables proposed (for example, Tables 9.5, 9.6, 9.8 
and 9.9), as highlighted in the checklists, for additional information on the 
relationships between different organizational attributes. The tables provide 
managers with useful insights into the types of practices or attributes which their 
firms may consider to implement or promote in their endeavour to develop and attain 
specific types of flexibility dimension.  
 
9.6 Summary 
Three mathematical models were developed, based on the test results of PLS M2, to 
predict: (i) operational flexibility (YOF); (ii) tactical flexibility (YTF); and (iii) strategic 
flexibility (YSF). New datasets collected from four subject domain experts, by the 
means of face-to-face interviews, were used to test the robustness of the three 
mathematical models. To determine the robustness of the models, three equations 
were adopted: (i) percentage error (PE); (ii) mean percentage error (MPE); and (iii) 
mean absolute percentage error (MAPE).  
 
The results show that Models YOF (MAPE = 6.59%) is relatively robust in predicting a 
firm’s operational flexibility potential. On the other hand, Models YTF and YSF have not 
performed satisfactorily in predicting a firm’s tactical and strategic flexibility 
potentials, posing a corresponding mean absolute percentage error of 27.36% and 
24.84. This may largely due to the small-sized sample used for model validation 
(n=4). Furthermore, it is found that the predicted flexibility indices (i.e., flexibility 
dimensions) are positively correlated with firms’ annual turnover.  
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Table 9.6 Relationship guide 3 for checklists 































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































CL1 CL2 CL3 C6 C10 C13 SM2 SM4 PM1 PM3 PM4 PM5 RM1 RM2 RM3 RM4 B2 B3 B4 B13 
ESB1 Ability to adopt an open-mindset to all alternative  Ï Ï Ï        Ï Ï Ï Ï Ï     
ESB2 Ability to work in a team environment Ï Ï Ï Ï Ï    Ï Ï Ï Ï  Ï     Ï Ï 
ESB4 Ability to learn and adapt to different business conditions Ï   Ï      Ï Ï Ï  Ï Ï   Ï Ï  
ESB5 
Ability to perform a diverse 
range of tasks and 
responsibilities 
Ï Ï Ï Ï Ï      Ï   Ï       

































ESB8 Ability to work independently Ï  Ï Ï    Ï      Ï       
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Table 9.7 Relationship guide 4 for checklists  
Note: Ï denotes significant positive correlation between two variables. Results are extracted from Tables 8.11, 8.13 and 8.14 















































































































































































































































































































































































































































































































































































































































































































































































B2 B3 B4 B13 B9 B10 B14 B15 B5 B8 B11 
F8 Ability to operate effectively and profitably in different market conditions Ï Ï  Ï     Ï   
F12 
Ability to exploit a range of procurement 
options effectively (e.g., Design & Build and 
Construction Management) 
 Ï   Ï    Ï Ï Ï 
F13 
Ability to provide a range of construction 
services (e.g., residential construction and 
property maintenance) 
























Ability to respond to changes in delivery 
schedule due to unpredictable changes in 
client requirements 
    Ï Ï Ï Ï    
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Table 9.8 Relationship guide 5 for checklists 
Note: Ï denotes significant positive correlation between two variables. Results are extracted from Tables 8.21, 8.27 and 8.36. 











































































































































































































































































































































































































































































































































































































































































































































































B2 B3 B4 B13 OS1 OS2 OS3 SV1 SV2 SV3 SV4 
IT1 Ability to communicate and share real time information among supply chain parties regardless of geographic dispersion    Ï Ï Ï    Ï Ï   
IT2 
Ability to communicate and share real time information among all 
decision makers and employees regardless of geographic 
dispersion 
 Ï Ï    Ð Ï    
IT3 
Ability to retrieve information, i.e., regarding past/existing projects, 
from the company database in a timely manner regardless of 
geographic dispersion 
 Ï Ï     Ï    
IT4 
Ability to disseminate information and link similar information, 
providing decision makers with the most up-to-date and accurate 
information regarding changing environmental contingencies 
Ï Ï      Ï  Ï  
PT1 
Ability to adopt different construction process technologies (e.g., 
construction methods and materials) to satisfy clients’ 
requirements 
 Ï          
PT2 
Ability to apply different process technology software (e.g. 
,estimating and purchasing software) to improve firm’s operational 
process 



























Ability to lead in process technology innovation (e.g., computer 
aided program in analyzing indoor thermal condition) to gain 
competitive advantage 
 Ï Ï         
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Table 9.9 Relationship guide 6 for checklists 
Note: Ï denotes significant positive correlation between two variables. Results are extracted from Tables 8.18, 8.35and 8.38 

































































































































































































































































































































































































































































































































B5 B8 B11 O1 O2 O3 
OS1 Our firm operates in a flexible work procedure Ï   Ï  Ï 


























OS3 Our firm has an open communication channel with flexible access to important information for decision making Ï   Ï   
B7 Investing on assets that have high liquidity value (e.g., general multiple-usage equipment)       































B16 Investing surplus funds into financial investments and property development      
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Also, the interviews revealed that the results derived from PLS M1 and M2 are 
comprehensive, and provide valuable insights on how construction firms could 
achieve organizational flexibility. Thereafter, three checklists were developed to help 
construction firms in assessing, achieving and developing different dimensions of 
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CHAPTER 10 
SUMMARY AND CONCLUSIONS 
 
10.1 Summary 
A growing need for organizational flexibility arises as a result of changes in the 
business environment within the construction industry. Although previous 
construction-related studies have recognized the importance of flexibility for firms to 
remain viable in the industry, hitherto, no instrument was developed to help 
construction firms to attain organizational flexibility.  
 
Based on the underlying features of flexibility extracted from previous studies, 
organizational flexibility is defined in this study as “the ability of an organization to 
effectively utilize its resources and capabilities to respond or readapt, in a timely and 
reversible manner to environmental changes, through a continuous learning process” 
(see Section 3.4). Based on this definition, the aim of this study is to investigate the 
organizational flexibility management of construction firms in Singapore from an 
integrative multi-dimensional perspective (see Section 1.4).   
 
Focusing on general contracting operations of construction firms, five specific 
research objectives are defined accordingly within the context of the Singapore 
construction industry (see Section 1.4). To fulfil these objectives, this study adopted a 
three-phase survey research design, combining both the qualitative and quantitative 
approaches (see Section 5.2). These three phases are: (i) exploratory phase; (ii) 
questionnaire development phase; and (iii) data collection and analysis phase. The 
data collection instruments were semi-structured (see Appendix A) and structured 
questionnaire (see Appendix C) for the exploratory (see Section 5.3) and data 
collection and analysis phases (see Section 5.5), respectively. Data were collected 
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via face-to-face interviews with construction industry experts. The SmartPLS2.0 M3 
statistical software was used for analysing the survey data using the partial least 
square (PLS) approach (see Section 6.4). Face-to-face interviews were conducted 
with subject matter experts for validating the models developed (see Section 9.3.1).   
 
10.2 Summary of research findings and validations of hypotheses 
This section summarizes the findings of this study. Results corresponding to the 
research objectives and the research hypotheses are now presented.  
 
10.2.1 Conceptual framework for organizational flexibility 
The first objective of this research is to develop and test a conceptual framework for 
organizational flexibility in construction firms. The conceptual framework is 
underpinned by the integration of four perspectives of organizational studies: (i) the 
dynamic contingency view of firms (see Section 3.9.1); (ii) the organizational learning 
perspective (see Section 3.9.2); (iii) the resource-based view of firms (see Section 
3.9.3); and (iv) the complex adaptive system perspective (see Section 3.9.4). The 
developed conceptual framework postulates that construction firms may attain their 
flexibility, by engaging in a continuous process of developing and managing 
resources and capabilities, for their continued existence. This framework was shown 
to nine experts, within the construction industry, and their views were obtained 
through semi-structured interviews (see Section 5.3). The resultant framework is 
shown in Figure 3.2. It shows that organizational flexibility is seen as a multi-
dimensional concept that comprises: (i) operational flexibility (YOF); (ii) tactical 
flexibility (YTF); and (iii) strategic flexibility (YSF) (see Section 3.6.1). These are further 
operationalized into 15 flexibility types: (i) modification flexibility (F1); (ii) financial 
flexibility (F2); (iii) numerical flexibility (F3); (iv) functional flexibility (F4); (v) 
expansion flexibility (F5); (vi) market flexibility (F6); (vii) operation flexibility (F7); (viii) 
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volume flexibility (F8); (ix) machine flexibility (F9); (x) material flexibility (F10); (xi) 
process flexibility (F11); (xii) procurement flexibility (F12); (xiii) product flexibility 
(F13); (xiv) spanning flexibility (F14); and (xv) logistic flexibility (F15) (see Section 
3.6.2) 
 
The conceptual framework also shows that flexibility dimensions may, to varying 
degrees, be influenced by six determinants: (i) organizational learning culture (X1); 
(ii) organizational structure (X2); (iii) employees’ skills and behaviour (X3); (iv) 
technological capabilities (X4); (v) supply chain capabilities (X5); and (vi) business 
strategies (X6) (see Section 3.7) . 
 
The conceptual framework was successfully validated using the classical (see 
Section 7.3) and contemporary (see Section 7.4) procedures. The results show that 
organizational flexibility is a multi-dimensional concept comprising: (i) operational 
flexibility; (ii) tactical flexibility; and (iii) strategic flexibility, at least insofar as in 
modelling organizational flexibility of construction firms in Singapore is concerned. 
The results also show that the three flexibility dimensions are distinctive with at least 
three flexibility types loaded highly on them. Therefore, Hypothesis H1, stating that 
Organizational flexibility (Y) can be characterized by three dimensions: (i) operational 
flexibility (YOF); (ii) tactical flexibility (YTF); and (iii) strategic flexibility (YSF), is 
supported (see Section 7.6).  
 
10.2.2 Key determinants of organizational flexibility  
The second objective is to identify the key determinants of organizational flexibility. 
Model PLS M1 was constructed of three organizational flexibility dimensions (i.e., 
predicted constructs) and six determinants that are operationalized into 11 predictor 
constructs (see Figure 6.3). They are: (1) commitment to learning (X1CL); (2) shared 
  453
vision and value (X1SV); (3) open-mindedness (X1O); (4) organizational structure (X2); 
(5) employees’ skills and behaviour (X3); (6) technological capabilities (X4); (7) 
supply chain capabilities (X5); (8) cost leadership (X6.1CLS); (9) risk leadership 
(X6.1RLS); (10) customer intimacy (X6.2CIS); and (11) product leadership (X6.2PLS).  
Following a model trimming process to remove the redundant predictor(s) for the 
respective predicted constructs, the R2 values for operational flexibility, tactical 
flexibility and strategic flexibility indicate that the 11 predictor constructs can explain 
75.8%, 41.7% and 64.9% of the corresponding variance on operational flexibility, 
tactical flexibility and strategic flexibility (see Section 8.2.1). Also, the F-test statistics 
show that the R2 values have significantly improved after the model trimming 
process, and that they are statistically significant at p < 0.05 level (see Section 8.2.2). 
 
Turning to the path coefficients that describe the 33 relationships among the 
constructs in PLS M1 (see Section 8.2.3), the test results show that there are 12 
statistically significant paths supporting the relationships among the constructs. Of 
these, six predictor constructs significantly influence (i.e., four positive and two 
negative path coefficients) firms’ operational flexibility. The magnitudes of positive 
impacts, in order of importance, are: (i) employees’ skills and behaviour (X3) (β = 
0.332); (ii) open-mindedness (X1O) (β = 0.323); (iii) supply chain capabilities (X5) (β = 
0.288); and (iv) cost leadership initiative (X6.1CLS) (β = 0.195). The findings indicate 
that the key determinants that improve an organization’s flexibility are: (i) employing 
employees with superior skills; (ii) being open-minded; (iii) having superior supply 
chain capabilities; and (iv) placing greater emphasis on cost leadership. On the other 
hand, organizational structure (X2) (β = -0.243) and shared vision and value (X1SV) 
(β = -0.185) are found to have statistically significant negative impact on firms’ 
operational flexibility (see Section 8.3.2).  
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With regard to firms’ tactical flexibility, there are only two predictor constructs with 
statistically significant impacts: (i) supply chain capabilities (X5) (β = 0.399) (see 
Section 8.3.3.1), and (ii) product leadership initiative (X6.2PLS) (β = -0.284) (see 
Section 8.3.3.2). The findings indicate that key determinants to enhance firms’ 
tactical flexibility are improving their supply chain capabilities, while lessening their 
product leadership endeavours.  
 
Lastly, the research found four positive statistically significant predictor constructs 
influencing firms’ strategic flexibility. In order of importance, they are: (i) customer 
intimacy initiative (X6.2CIS) (β =0.426) (see Section 8.3.4.1); (ii) shared vision and 
value (X1SV) (β =0.332) (see Section 8.3.4.2); (iii) cost leadership initiative (X6.1CLS) 
(β =0.312) (see Section 8.3.4.3); and (iv) risk leadership initiative (X6.1RLS) (β =0.298) 
(see Section 8.3.4.4). The findings indicate that firms may improve their strategic 
flexibility by creating and promoting a shared vision and value work environment, and 
placing greater emphasis on customer intimacy, cost and risk leadership initiatives.    
  
The above results show that different flexibility dimensions are, to varying degree, 
influenced by five determinants: (i) organizational learning culture (X1); 
organizational structure (X2); (iii) employees’ skills and behaviour (X3); (iv) supply 
chain capabilities (X5); and (v) business strategies (X6). It is found that ‘technological 
capabilities (X4)’ is the only determinant that does not have statistically significant 
impact on the three flexibility dimensions. However, this does not imply that 
technological capability is not important because it might have an impact on other 
determinants (i.e., organizational attributes) towards achieving different flexibility 
dimensions.   
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10.2.3 Inter-relationships of determinants  
The third objective of this research is to investigate the effects of inter-relationships 
among the determinants on organizational flexibility. Model PLS M2 was developed 
to investigate the inter-relationships among the six key determinants, which have 
been operationalized into 11 constructs, and the three identified dimensions of 
organizational flexibility (see Figure 6.4). Following the removal of redundant 
predictors from their respective predicted constructs, via a model trimming exercise 
(see Section 8.4.1), the respective predicted constructs have R2 values ranging from 
0.189 to 0.614. Of these, the operational flexibility construct registers the highest R2 
value, having 61.4% of its variance accounted for by its predictor constructs. The 
supply chain capabilities construct, on the other hand, registers the lowest R2 value, 
having only 18.9% of its variance accounted for by its predictor constructs. 
Nevertheless, all the R2 values have exceeded the threshold value of 0.10, and are 
statistically significant at p < 0.05 based on the F-test statistics, indicating the 
satisfactory predictive power of PLS M2 (see Section 8.4.2). 
 
Turning to the assessment of path coefficients, the t-statistics show that a total of 20, 
out of the 42, proposed paths are statistically significant, supporting the hypothesized 
relationships among the constructs as set hypotheses, H2 to H18 (see Section 8.4.3). 
Following Wang and Li (2007), a hypothesis is considered as supported if all 
hypothesized relationships between relevant constructs (which could be either single-
dimensional or multi-dimensional) are statistically significant. However, if only one or 
some of the hypothesized relationships between the relevant constructs are 
statistically significant, the hypothesis is considered as partially supported. Lastly, a 
hypothesis is considered as not supported if none of the hypothesized relationships 
between the relevant constructs is statistically significant. A summary of the results of 
hypotheses testing is given below. 
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1. Hypothesis 2 states that “organizational learning culture (X1) has a significant 
direct impact on organizational structure (X2)”. It is found that an organizational 
learning culture, characterized only by ‘open-mindedness (X1O)’ (one out of the 
three dimensions of the organizational learning culture (X1) construct) has a 
statistically significant positive impact on ‘organizational structure (X2)’ (β = 
0.511; see Section 8.5.1.1). Therefore, Hypothesis 2 is partially supported; since 
only one of the three hypothesized relationships is statistically significant. The 
finding indicates that firms that are open-minded, characterized by their efforts to 
create an open communication environment and adapt freely to changes within 
the environment without much concern to past practices and management, are 
more likely to have a flexible organizational structure.  
2. Hypothesis 3 states that ‘organizational learning culture (X1) has a significant 
impact on employees’ skills and behaviour (X3)’. It is found that only ‘commitment 
to learning (X1CL)’ (i.e., one of the three dimensions of the organizational learning 
culture (X1) construct) has a statistically significant positive impact on 
‘employees’ skills and behaviour (X3)’ (β = 0.571; see Section 8.5.2). Therefore, 
Hypothesis 3 is partially supported; since only one of the three hypothesized 
relationships is statistically significant. The finding indicates that firms’ 
commitment to create an environment that promotes learning is important 
towards developing employees’ skills and behaviour. 
3. Hypothesis 4 states that ‘organizational learning culture (X1) has a significant 
impact on technological capabilities (X4)’. It is found that only ‘shared vision and 
value (X1SV)’ (i.e., one of the three dimensions of the organizational learning 
culture (X1) construct)) has a statistically significant positive impact on 
‘technological capabilities (X4)’ (β = 0.330; see Section 8.5.3). Therefore, 
Hypothesis 4 is partially supported; since only one out of the three hypothesized 
relationships is statistically significant. The finding indicates that firms, which 
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encourage employees to share new ideas and communicate among themselves 
towards developing a shared vision and value working environment, are likely to 
possess superior technological capabilities.  
4. Hypothesis 5 states that ‘organizational learning culture (X1) has a significant 
impact on business strategies (X6)’. It is found that ‘commitment to learning 
(X1CL)’ has a statistically significant negative impact on ‘cost leadership (X6.1CLS)’ 
(β = -0.268) and ‘product leadership (X6.2PLS)’ (β = -0.378); two out of the four 
dimensions of the business strategies (X6) construct (see Sections 8.5.5.1 and 
8.5.5.4). Besides this, ‘open-mindedness (X1O)’ is found to positively influence 
‘product leadership (X6.2PLS)’, posing a path coefficient of 0.384 (see Section 
8.5.5.4). Based on these, Hypothesis 5 is partially supported; since only three 
out of the 12 hypothesized relationships among the dimensions of the two 
constructs are statistically significant. 
5. Hypothesis 6 states that ‘organizational structure (X2) has a significant impact 
on business strategies (X6)’. It is found that ‘organizational structure (X2)’ has a 
statistically significant positive impact only on ‘risk leadership (X6.1RLS)’ (β = 
0.341), among the four dimensions of the business strategies (X6) construct (see 
Section 8.5.5.2). Therefore, Hypothesis 6 is partially supported; since only one 
of the four hypothesized relationships is statistically significant. All interviewees 
recognized that the decision making procedure within a firm’s organizational 
structure is of paramount importance to its risk management endeavours, and 
added that top management should exercise a certain degree of ‘command and 
control’ when making a decision whether to bid or not so as to avoid 
overstretching resources which may affect project execution.  
6. For Hypothesis 7, which states that ‘organizational structure (X2) has a 
significant impact on organizational flexibility (Y)’, there is insufficient evidence to 
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establish that an organization’s structure will significantly influence its operational, 
tactical and strategic flexibility potentials. Thus, Hypothesis 7 is not supported.  
7. For Hypothesis 8, which states that ‘employees’ skills and behaviour (X3) have 
a significant impact on technological capabilities (X4)’, there is insufficient 
evidence to establish that employees’ skills and behaviour will significantly 
influence their technological capabilities. Thus, Hypothesis 8 is not supported.  
8. Hypothesis 9 states that ‘employees’ skills and behaviour (X3) have a significant 
impact on supply chain capabilities (X5)’. It is found that ‘employees’ skills and 
behaviour (X3)’ has a statistically significant positive impact on ‘supply chain 
capabilities (X5)’ (β = 0.339; see Section 8.5.4). Therefore, Hypothesis 9 is 
supported. The finding indicates that employees’ skills and behaviour, 
characterized by their abilities to work in a team environment whereby they learn 
and adapt to different business conditions towards gaining higher customer 
satisfaction, are of paramount importance in developing firms’ supply chain 
capabilities.  
9. Hypothesis 10 states that ‘employees’ skills and behaviour (X3) have a 
significant impact on business strategies (X6)’. It is found that ‘employees’ skills 
and behaviour (X3)’ has a statistically significant positive impact only on 
‘customer intimacy (X6.2CIS)’ (β = 0.340; see Section 8.5.5.3); one of the four 
dimensions of the business strategies (X6) construct. Therefore, Hypothesis 10 
is partially supported; since only one of the four hypothesized relationships is 
statistically significant. The finding indicates that employees are important assets 
towards gaining clients’ loyalty; whereby their skills and behaviour could shape 
the effectiveness of a firm’s customer intimacy endeavour. 
10. Hypothesis 11 states that ‘employees’ skills and behaviour (X3) have a 
significant impact on organizational flexibility (Y)’. The results show that 
‘employees’ skills and behaviour (X3)’ has a statistically significant positive 
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impact only on ‘operational flexibility (YOF)’ (β = 0.419), among the three 
dimensions of the organizational flexibility (Y) construct. Therefore, Hypothesis 
11 is partially supported; since only one of the three hypothesized relationships is 
statistically significant. It should be noted that ‘employees’ skills and behaviour’ is 
the predictor with the highest impact among the three predictors of ‘operational 
flexibility’ (the other two predictors are: (i) ‘supply chain capabilities (X5)’ (β = 
0.358), and (ii) ‘product leadership (X6.2PLS)’ (β = -0.229)). Also, the results show 
that ‘employees’ skills and behaviour’ is the primary enabler, both directly and 
indirectly, of ‘operational flexibility’ (see Figure 8.6 and Section 8.5.6.1). 
Regarding the indirect influence, employees’ skills and behaviour are found to 
positively influence firms’ supply chain capabilities in which the latter shapes 
firms’ operational flexibility (i.e., employees’ skills and behaviour→ supply chain 
capabilities→ operational flexibility).  
11. Hypothesis 12 states ‘technological capabilities (X4) have a significant impact on 
organizational structure (X2)’. It is found that ‘technological capabilities (X4)’ has 
a statistically significant negative impact on ‘organizational structure (X2)’ (β = -
0.352) (see Section 8.5.1.2). Therefore, Hypothesis 12 is supported. The 
phenomenon can partly be explained in relation to the ownership of the majority 
of interviewees’ firms (see Section 8.3.2); where the firms have placed a certain 
degree of restrictions on employees’ access to company information and records 
as part of their risk management endeaviour.  
12. For Hypothesis 13, which states that “technological capabilities (X4) have a 
significant impact on supply chain capabilities (X5)”, there is insufficient evidence 
to establish that firms’ technological capabilities will significantly influence their 
supply chain capabilities. Thus, Hypothesis 13 is not supported.  
13. Hypothesis 14 states that ‘technological capabilities (X4) have a significant 
impact on business strategies (X6)’. The results show that ‘technological 
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capabilities (X4)’ exerts a statistically significant positive impact only on ‘customer 
intimacy (X6.2CIS)’ (β = 0.491; see Section 8.5.5.3); one of the four dimensions of 
the business strategies (X6) construct. Thus, Hypothesis 14 is partially 
supported; since only one of the four hypothesized relationships is statistically 
significant. The finding indicates that firms with superior technological capabilities 
are likely to possess a better capability in pursuing their customer intimacy 
initiative.  
14. For Hypothesis 15, which states that ‘technological capabilities (X4) have a 
significant impact on organizational flexibility (Y)’, there is insufficient evidence to 
establish that a firm’s technological capabilities will significantly influence its 
organizational flexibility. Therefore, Hypothesis 15 is not supported.  
15. Hypothesis 16 states that ‘supply chain capabilities (X5) have a significant 
impact on business strategies (X6)’. The results show that ‘supply chain 
capabilities (X5)’ exerts a statistically significant positive impact on ‘cost 
leadership (X6.1CLS)’ (β = 0.447) and ‘risk leadership (X6.1RLS)’ (β = 0.431) (see 
Section 8.5.5.1), among the four dimensions of the business strategies (X6) 
construct. Thus, Hypothesis 16 is partially supported; since only one of the four 
hypothesized relationships is statistically significant. The findings indicate that a 
firm with superior supply chain capabilities is likely to possess enhanced capacity 
to pursue its cost and risk leadership initiatives.  
16. Hypothesis 17 states that ‘supply chain capabilities (X5) have a significant 
impact on organizational flexibility (Y)’. The results show that ‘supply chain 
capabilities (X5)’ exerts statistically significant positive impacts on both ‘strategic 
flexibility (YSF)’ (β = 0.358; see Section 8.5.6.3) and ‘tactical flexibility (YTF)’ (β = 
0.415; see Section 8.5.6.2). Therefore, Hypothesis 17 is partially supported; 
since two out of the three hypothesized relationships are statistically significant. 
The findings indicate that firms’ supply chain capabilities are of paramount 
  461
importance towards achieving organizational flexibility. This phenomenon may be 
partly explained by the extensive use of subcontracting in construction; whereby 
having good relationships with supply chain parties could improve a firm’s 
responsiveness to marketplace changes.   
17. Hypothesis 18 states that ‘business strategies (X6) have a significant impact on 
organizational flexibility (Y)’. The results show that three out of the four 
dimensions of the business strategies (X6) construct exert statistically significant 
positive impacts on ‘strategic flexibility (YSF)’. In order of importance, the three 
dimensions are: (i) ‘customer intimacy (X6.2CIS)’ (β = 0.384); (ii) ‘cost leadership 
(X6.1CLS)’ (β = 0.339); and (iii) ‘risk leadership (X6.1RLS)’ (β = 0.324) (see Section 
8.5.6.3). Also, ‘product leadership (X6.2PLS)’ is found to have a statistically 
significant negative impact on ‘operational flexibility (YOF)’ (β = -0.229) (see 
Section 8.5.6.1). Based on these, Hypothesis 18 is partially supported; since 
four out the 12 hypothesized relationships among the dimensions of the two 
constructs are statistically significant.  
 
10.2.4 Moderating roles of market and technological conditions 
The fourth objective of this research is to investigate the moderating effects of market 
and technological conditions on the relationships between the determinants and 
organizational flexibility. Three sets of structural models were developed using the 
PLS product-indicator approach (see Section 6.5.2) to examine the moderating 
effects (see Sections 8.6) following a two-stage hierarchical process (see Section 
6.5.3). The models were built using the test results of PLS M2 (see Section 8.4.3), in 
which only the respective statistically significant predictor constructs of: (i) 
operational flexibility (YOF); (ii) tactical flexibility (YTF); and (iii) strategic flexibility (YSF), 
were included.  
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Based on the results obtained, no moderating effects of market and technological 
conditions were found to be statistically significant on the relationships between the 
determinants and organizational flexibility. Therefore, Hypothesis 19 is not 
supported.  
  
However, other findings were detected when examining the moderating effects. They 
are:  
1. ‘Market conditions (ZMC)’ has a statistically significant negative impact (β = -0.28) 
on ‘operational flexibility (YOF)’ in the respective ‘main effect’ model (see Section 
8.6.1). This means that high market volatility will weaken a firm’s operational 
flexibility potential. 
2. ‘Technological conditions (ZTCn)’ has a statistically significant negative impact (β = 
-0.24) on ‘strategic flexibility (YSF)’ in the respective ‘main effect’ model (see 
Section 8.6.3). This means that high technological volatility is likely to restrict a 
firm’s ability to be strategically flexible.  
 
10.2.5 Flexibility indices 
The last objective of this research is to design and test flexibility indices that measure 
construction firms’ flexibility potential. Three mathematical models were developed 
based on the test results of PLS M2: (i) Eq. 9-1 for operational flexibility (YOF) (see 
Section 9.2.1); (ii) Eq. 9-2 for tactical flexibility (YTF) (see Section 9.2.2); and (iii) Eq. 
9-3 for strategic flexibility (YSF) (see Section 9.2.3). These equations were tested with 
four new datasets in an effort to assess their robustness (see Section 9.3.2).  
 
The results show that Models YOF (mean absolute percentage error = 6.59%) is 
robust in predicting a firm’s operational flexibility potential. On the other hand, Models 
YTF and YSF did not perform satisfactorily in predicting a firm’s tactical and strategic 
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flexibility potentials with a corresponding mean absolute percentage error of 27.36% 
and 24.84%, respectively. This may largely due to the small sample size used (n= 4) 
for model validation.  
 
To further ascertain whether the flexibility indices are valid measures, correlations 
between the three predicted flexibility dimensions (i.e., YOF, YTF and YSF) and firms’ 
annual turnover were investigated. It is found that the three flexibility dimensions 
have statistically significant positive correlations with firms’ annual turnover (i.e., 
sales volume). The finding indicates that the higher the level of contractors’ flexibility 
potential, the higher will be their annual turnover (see Sections 9.3.3).  
 
10.3 Contribution to theory 
This study contributes to knowledge in construction business management by 
developing and successfully testing the theoretical framework of organizational 
flexibility that emphasizes the collective efforts of firms’ resources, capabilities and 
strategies towards achieving organizational flexibility, in a business environment 
fuelled by market and technological forces. Previous construction-related studies 
investigated flexibility as a single-dimensional construct. This is the first known 
quantitative study in construction management research that investigates the concept 
of organizational flexibility from a multi-dimensional perspective. The study provides 
empirical evidence that organizational flexibility is a multi-dimensional concept 
comprising: (i) operational flexibility; (ii) tactical flexibility; and (iii) strategic flexibility. 
Also, the study empirically demonstrates the influence of inter-relationships among 
organizational resources, capabilities and strategies towards achieving different 
flexibility dimensions. It offers a new plausible explanation for the factors influencing 
organizational flexibility management in construction. These do not only broaden the 
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focus of firms’ flexibility practices but also enhances the understanding of the nature 
and constitution (i.e., flexibility types) of the respective flexibility dimensions.  
 
Another contribution to theory is that this study applied and tested the theories of 
organizational learning (Cyert and March, 1963) (see Section 3.9.2) and dynamic 
capabilities (Teece et al., 1997) (see Section 3.9.3.2) on the concept of 
organizational flexibility by examining the effects of different dimensions of 
organization learning culture on construction firms’ resources and capabilities in 
attaining flexibility. First, it establishes empirical evidence to support the claim that 
learning-orientation is important towards developing contractors’ dynamic 
capabilities; given that dimensions of organizational learning culture are found to 
have statistically significant direct impacts on firms’ resources and capabilities (see 
Figure 8.6 and Table 8.17). Second, this study discovered that a firm’s commitment 
to learning (X1CL) positively influences employees’ skills and behaviour (X3), in which 
the latter is an important organizational asset that influences other organizational 
attributes (for example, supply chain capabilities (X5) and customer intimacy 
endeavour (X6.2CIS)). It follows that the Teece et al.’s (1997) dynamic capabilities 
theory, which emphasized the influence of organizational processes on a firm’s ‘asset 
position’ (for example, technological and structural assets) and path dependencies 
(for example, business development) towards attaining competitive advantage (see 
Section 3.9.3.2), should be modified by considering the role of ‘employees’ skills and 
behaviour’ in the ‘asset position’ category in construction-related research.  
 
The next contribution is that this study examined Thompson’s (1967) dynamic 
contingency theory  (see Section 3.9.1) on organizational flexibility, by exploring the 
moderating effects of two environmental conditions (i.e., market and technological 
conditions) on the relationships between construction firms’ resources, capabilities, 
strategies (i.e., determinants) and organizational flexibility. Although no significant 
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moderating effects of market and technological conditions were found on the 
relationships concerned, the findings show strong evidence concerning the direct 
impact of market and technological conditions on firms’ operational and strategic 
flexibilities, respectively (see Section 8.6). From another perspective, these findings 
may suggest that the dynamic contingency theory is no longer sufficient to explain 
how Singapore construction firms behave flexibly in a changing business 
environment. Instead, contractors would need to engage themselves in a continuous 
learning process for improved responsiveness to environmental changes. This 
phenomenon may partly be explained in relation to the business conditions of the 
Singapore construction industry, where construction firms had undergone eight years 
of unprecedented economic downturn from 1997-2005, followed by an unstable 
market condition, from 2006-2007, due to the increasing prices of raw materials and 
soaring construction demand (see Section 2.5).  
 
Lastly, this study examined the complexity theory (Prigogine and Stengers, 1984) 
(see Section 3.9.4) on organizational flexibility, and proved that construction firms 
could be seen as complex adaptive systems comprising many interrelated elements 
(i.e., resources, capabilities and strategies), which learn and adapt to their 
environment in their efforts to remain viable. Hence, further work on construction 
business management should consider these elements in the development of 
theoretical frameworks.  
 
10.4 Implications for practice 
The empirical findings of this study have implications for managerial actions in 
construction firms. These are now presented. 
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1. The empirical findings show that it is important for firms to foster a learning 
culture (X1) that emphasizes: (i) commitment to learning (X1CL); (ii) shared vision 
and value (X1SV); and (iii) open-mindedness (X1O); given that each of these 
dimensions has a varying impact on other organizational attributes. For example, 
firms have to foster a shared vision and value environment in order to improve 
their technological capabilities, whereby employees are able to share information 
and communicate efficiently. This is consistent with Project Management 
Institute’s (PMI, 2004) recommendation that managers should be proactive in 
creating a shared vision and value environment, improving the feelings of trust 
and cohesiveness among team members, in their attempts to raise productivity 
through greater teamwork.  Likewise, firms have to be open-minded, in terms of 
encouraging employees to generate new ideas and adapt freely to changes 
without being restrained by past practices and routines, in their product 
leadership endeavours. Nevertheless, it is necessary for them to recognize the 
constructive and destructive impact of their commitment to learning on business 
operations (see Section 10.3). It follows that firms must continually assess their 
commitment to learning, and more importantly, differentiate the destructive and 
constructive learning behaviour of employees.  
 
2. The study found that ‘employees’ skills and behaviour (X3)’ is one key 
determinant that influences other determinants and organizational flexibility. The 
former influences supply chain capabilities (X5), and in turn, these two 
determinants collectively influence business strategies (X6) towards achieving 
organizational flexibility. It follows that construction firms may consider 
implementing various human resource management practices, suggested in 
Table 10.1, in their continuous efforts to monitor, develop and nurture their 
employees’ skills and behaviour. Some of these highlighted practices have been 
highlighted by PMI (2004), emphasizing that managers should continually 
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monitor and develop the skills of their team members, by implementing 
appropriate human resource management practices, in order to improve their 
competencies to complete allocated activities for better project performance. 
Also, firms should recognize that individual practices should be collectively 
considered and implemented for better realization of behaviour change and skill 
improvement of their employees. For example, firms may provide on-the-job 
training to improve employees’ skills, while conducting performance appraisal to 
identify employees’ training need and offering career opportunities and 
promotion, in their efforts to improve the firms’ employees’ skills and gain 
behavioural commitment.  
 
3. As highlighted in item 2, firms’ supply chain capability (X5) is also an important 
determinant of business strategies (i.e., cost leadership (X6.1CLS) and risk 
leadership (X6.1RLS); see Sections 8.5.5.1 and 8.5.5.2) and organizational 
flexibility (i.e., operational flexibility (YOF) and tactical flexibility (YTF); see Sections 
8.5.6.1 and 8.5.6.3). Of these, a firm’s tactical flexibility is solely dependent on its 
supply chain capabilities. Therefore, contractors could place greater emphasis on 
building their supply chain capabilities, by: (i) providing prompt after-sales 
services to clients; (ii) organizing training for supply chain parties; (iii) organizing 
informal gatherings among supply chain parties; and (iv) keeping constant 
contact with clients (e.g., end users and consultants) to keep track of their needs 
(see Section 8.5.4). An important implication is that, although the development of 
supply chain capabilities involves relationship building with external parties (for 
example, clients and subcontractors) (see Section 4.6.2), this study found that 
contractors cannot capitalize on their supply chain capabilities to pursue a 
customer intimacy initiative (X6.2CIS). Instead, it is the firms’ employees’ skills and 
behaviour (X3) and technological capabilities (X4) that influence their customer 
intimacy endeavour.  
  468 
 
Table 10.1 Recommendations for developing employees’ skills and behaviour 
1. Competence development  
a. Providing on-the-job training to improve employees’ skills 
b. Allowing employees to take days off for their continuous professional development 
and professional qualification courses 
c. Subsidizing tuition fees of self-upgrading courses and seminars attended by 
employees 
2. Stress management  
a. Organizing stress coping and management courses 
b. Implementing personal counselling programs 
3. Performance management   
a. Organizing informal gatherings to recognize employees' achievements  
b. Organizing company trips to reward employees’ contributions to firms’ performance  
c. Conducting staff performance appraisal exercises as a formal means of discussing, 
identifying and recording their training needs  
d. Offering career development and promotion 
4. Intra-organizational relationship management  
a. Encouraging face to face communication among employees  
b. Conducting regular meetings among subordinates and superiors 
c. Implementing survey feedback programme to track the well-being of employees 
d. Conducting induction programme for all new recruits 
Note: Findings were extracted from Section 8.5.2 
 
4. The findings show that contractors’ cost, risk and resource management are 
important towards achieving their strategic flexibility (see Section 8.5.6.3). This is 
consistent with PMI (2004), suggesting that cost, risk and resource management 
are key practices towards better project performance, which in turn  affect a firm’s 
operation. Contractors should learn from their counterparts who were forced out 
of the industry, mainly due to: (i) under-pricing projects; (ii) overlooking 
environmental influences and risks within their business environment; and (iii) 
overstretching firms’ resources and capabilities. They should be more prudent 
and vigilant against threats, bid rationally for projects and expand business 
ventures within their limits of available resources and capabilities. In addition, 
they may place greater emphasis on their cost control endeavours, and consider 
it as a proactive response, rather than a reactive strategy, to any foreseen or 
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unforeseen disturbance, by establishing, monitoring and reviewing their cost 
control protocols regularly. Other cost-related practices are summarized in Table 
10.2.  
 
Table 10.2 Recommendations for cost-related practices  
1. Site waste management  
a. Adopting just-in-time delivery scheme to minimize material wastage; 
b. Implementing materials recycling programmes; 
c. Implementing profit-sharing scheme by rewarding employees for the amount of 
materials they saved; and 
d. Delegating responsibility of material inventory management to respective site 
managers. 
2. Cash flow management  
a. Establishing a project milestones monitoring system to compare project cash flow 
with estimated project budget based on pre-determined milestones; 
b. Requiring project directors/managers to submit monthly progress reports; 
c. Implementing an Unbilled Receivable (UBR) system to monitor unbilled project 
receivables against project procurement expenses; and  
d. Engaging or appointing a company project cost auditor. 
3. Procurement management 
a. Implementing a stricter purchase orders system – purchase orders are to be 
endorsed by at least three parties; 
b. Requiring project managers/directors to review and reconfirm the approximate 
quantity of materials and amount of work required in respective projects; and 
c. Procuring the required materials and services in bulk volume to realize the value of 
economies of scale. 
Note: Findings were extracted from Section 8.5.6.3 
 
5. The findings show that product leadership initiative has negative impact on 
operational flexibility and tactical flexibility (see Sections 8.3.3.2 and 8.5.6.1). It 
follows that firms need to recognize the risks involved in product or business 
development, and be ‘disciplined aggressive’ in their business ventures and 
learn how to stay adequately lean in managing their business in order to be 
flexible and responsive to changes in the environment. Rather than venturing 
into unfamiliar business areas, contractors should focus on the fundamentals of 
their business and stick to the basics (Drucker, 1980). As such, when engaging 
in a cycle of building and developing their resources and capabilities within 
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existing markets, contractors should plan strategically and iteratively in line with 
the business environment taking into account opportunities and threats in 
potential markets. Upon identifying their target, they should familiarize 
themselves with and invest incrementally into the targeted market. To further 
mitigate risks, contractors may consider forming partnerships with previous 
clients in their product development endeavours.   
 
6. The study shows that contractors’ good relationship with clients and established 
reputation play important roles in shaping their firms’ ability to obtain sufficient 
jobs to tide over an economic downturn (see Sections 8.3.4.1 and 8.5.6.3). This 
is especially applicable in the private sector contracting where the established 
relationships and firms’ reputation could often present contractors with 
contracting opportunities to bid for projects. Also, it is found that some contractors 
formed partnerships with their clients to undertake residential developments, in 
their endeavour to keep their resources occupied and sustain business operation 
during a downturn. All these further imply the importance for contractors to 
proactively and continuously engage themselves in relationship and reputation 
management regardless of whether times are good or bad.  
 
7. The findings indicate that organizational flexibility management comprises three 
distinct but interrelated dimensions (i.e., operational flexibility, tactical flexibility 
and strategic flexibility; see Section 7.6), in which each has unique constituents 
(i.e., flexibility types) and configuration of determinants (see Section 8.5.6 and 
Figure 8.6). Therefore, firms should not only include them in decision making on 
the development and management of organizational flexibility, but also 
differentiate them and set specific objectives for each dimension. They may use 
the checklists developed (see Section 9.4), as instruments, in their strategic 
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planning for the type of resources and capabilities desired towards building and 
strengthening their organizational flexibility potential.  
 
8. The study found that firms should consider the effects of market and 
technological conditions on their organizational flexibility development (see 
Sections 8.6.1 and 8.6.3). Failure to consider the market and technological 
conditions may undermine the firms’ flexibility potential, which may, in turn, result 
in slow response and inability to react to marketplace changes.   
 
10.5 Limitations of the study 
The study presented empirical evidence that contribute to knowledge about 
organizational flexibility management in construction. However, the research findings 
need to be interpreted within the limitations of this study which is exploratory in 
nature; especially since the majority of measurement items of the respective 
constructs were borrowed from cross-discipline studies and then re-contextualized 
into construction context. The limitations of this study are now discussed.  
1. The study used the key informant retrospective reporting approach (i.e., self-
reporting) whereby all questions, relating to both independent and dependent 
variables, were assessed by one key personnel from each of the targeted group 
of firms. It follows that the strength of reported relationships between predictor 
and predicted constructs may be inflated by common method variance, and 
furthermore, the results may be susceptible to social desirability bias (i.e., 
informant bias) and distorted self-reporting error. Measures were taken to 
minimize the possibility of social desirability bias and common method variance 
problems: (i) questions relating to independent and dependent variables were 
structured and arranged in the way that interviewees were not aware of the 
proposed relationships (see Section 5.4.5), and (ii) assurances of anonymity 
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were provided in the cover letter and highlighted to the interviewees during the 
interview surveys (see Section 5.5.5). Besides these, the Harman’s (1967) one-
factor test results (see Section 6.4.1.1) and the respectable degree of reliability 
and validity obtained (see Sections 7.3 and 7.4) for respective constructs 
indicate that common method variance is not a significant problem in this study. 
Despite all these efforts, it is acknowledged that the results may be 
contaminated by common method variance. This limitation leads to the future 
research possibility discussed in Section 10.7.   
 
2. The sample size of this research was not as large. The data were obtained from 
41 executives of large and medium-sized Singapore construction firms, 
representing a response rate of 45%. This relatively small sample size placed 
restrictions on the ability to detect significant effects. However, the use of the 
PLS approach allows for statistical modelling of the structural models (see 
Section 6.3.2), and furthermore, the analysis shows that the response rate did 
not affect the validity of the results. Despite this evidence, it is acknowledged 
that the insignificant moderating effects of market and technological conditions 
may be due to the small sample size obtained in this study.  
 
3. The study developed and tested the structural models, based on six key 
determinants (for example, organizational learning culture, organizational 
structure and supply chain capabilities) for achieving organizational flexibility, 
which were specified based on the review of the literature (see Chapter 4).  The 
results show that the six determinants have, either direct or indirect, impacts on 
organizational flexibility. Despite these findings, it is acknowledged that the 
models could be: further refined by: (i) considering other organizational 
attributes, and (ii) exploring the other possible relationships among the six 
determinants, and between the determinants and the three flexibility dimensions, 
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which were not tested in this study. This limitation leads to the future research 
possibility discussed in Section 10.7.   
 
4. The measurement models developed in this study have considered complex 
constructs (for example, organizational learning culture, employees’ skills and 
behaviour, business strategies and organizational flexibility) that are intangible, 
dynamic and ‘soft’ assets of a construction firm. Although the results showed an 
acceptable level of construct reliability and validity, it is acknowledged that 
measurement items of respective constructs should be continuously updated for 
improved understanding about achieving organizational flexibility.  
 
5. The structural model (PLS M2) was developed based the perception of 41 large 
and medium-sized construction firms which survived the 1997-2005 economic 
downturn in Singapore.  It follows that the form and strength of the proposed 
relationships between constructs are likely to differ in different industry contexts. 
Though the findings of this study provide valuable insights into organizational 
flexibility management in construction, its application could have limitations in 
countries with different cultural and economic background from Singapore. Also, 
the model developed has not been further tested on Singapore construction 
firms that had gone into liquidation during the economic downturn, due to the 
difficulties encountered in contacting and persuading the relevant personnel of 
those firms. Besides this, the study did not consider the small-sized Singapore 
contractors and the construction firms that were established after the economic 
downturn. All these limitations lead to future research possibilities discussed in 
Section 10.7.  
 
6. The study found that supply chain capabilities (X5) is the only significant 
determinant of tactical flexibility (YTF). It is acknowledged that a firm’s tactical 
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flexibility might be affected by other determinants that have excluded included in 
the study. Therefore, this limitation leads to the future research possibility 
discussed in Section 10.7. 
 
7. The study found that the three flexibility dimensions (i.e., operational flexibility, 
tactical flexibility and strategic flexibility) are significantly correlated with firms’ 
annual turnover (i.e., sales volume). It is acknowledged that correlation is not 
equals to causation, and that firms’ annual turnover could also be affected by 




This research addresses the key questions of organizational studies as to “why do 
contractors need to be flexible?” and “how can contractors become flexible?” in the 
context of the construction industry. The need for construction firms to be flexible, via 
the effective utilization of organizational resources and capabilities for improved 
responsiveness, is important because of the increasing rate of changes in the 
business environment within which they operate. Achieving organizational flexibility is 
also important because it has a significant correlation with a firm’s turnover.  
 
In addressing the second question, it is essential for academics and practitioners to 
recognize that the attainment of organizational flexibility involves different 
dimensions, namely: (i) operational flexibility; (ii) tactical flexibility; and (iii) strategic 
flexibility, whereby each dimension requires different configurations of determinants 
(i.e., resources, capabilities and strategies). The findings indicate that relationships 
do exist among determinants, representing the collective functioning of firms’ 
resources, capabilities and strategies towards achieving organizational flexibility. 
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Construction firms should consider these relationships and implement appropriate 
management practices for developing and configuring the right kind of resources, 
capabilities and strategies towards achieving different flexibility dimensions.  
 
10.7 Directions of future research 
This study lays the groundwork for future research concerning flexibility management 
in construction. As highlighted in Section 10.5, there are several areas of interest 
which can be further explored. Directions of future research are now presented.  
1. The study is based on perceptions of 41 large and medium-sized contractors, 
who have survived the 1997-2005 economic downturn in Singapore. Future 
research could replicate the principle features of this study with a larger 
sample within different industries, regions or countries. Such comparative 
studies would be useful to test and refine the developed models, and to 
identify the differences in the constituents of organizational flexibility and their 
differentiated contributions to firms’ performance. This may offer a new insight 
for researchers and practitioners into the effects of organizational culture and 
other specific factors on organizational flexibility.  
 
2. Small-sized contractors were found to be unsuitable in this study (see Section 
5.5.4) since they may not have enough resources and capabilities, compared 
to the large and medium-sized counterparts, for developing organizational 
flexibility in a more comprehensive scale. This however does not mean that 
small-sized contractors are not flexible, but rather, they tend to exhibit a 
different configuration of the organizational attributes for achieving 
organizational flexibility. It follows that future studies could examine how 
small-sized contractors attain organizational flexibility and then conduct a 
comparative study in exploring the differences and similarities of these two 
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groups of contractors in achieving organizational flexibility. Likewise, future 
studies could conduct a comparative study involving public listed and non-
public listed contractors, extending the scope of the developed models and 
identifying the difference and similarity on the determinants of achieving 
organizational flexibility.  
  
3. Given that this study focuses on the periods from 1997 - 2007, a direction for 
future research is to validate and extend the empirical findings by collecting 
and analyzing longitudinal data. It is strongly believed that the longitudinal 
studies may provide a better understanding of how the determinants and 
organizational flexibility change over time and their resultants dynamically 
influence firms’ performance. Indeed, the importance of longitudinal studies 
can be supported by the increasing level of environmental turbulence. 
 
4. Although this study provides a useful insight into the functioning of firms’ 
resource-based determinants in attaining organizational flexibility, a direction 
for future research might be to explore the value creation and delivery 
process of organizational flexibility such as how to build, leverage and 
upgrade a firm’s flexibility potential with limited or minimum resources in order 
to realize the full potential advantages of organizational flexibility. This 
emphasizes the dynamics of organizational flexibility in response to the 
increasing level of environmental turbulence. 
  
5. Considering the exploratory nature of this study, another possible direction for 
future research is a thorough exploration of how the determinants, 
organizational flexibility and environmental conditions interact effectively 
among each other, and in turn determine a firm’s performance. For example, 
future studies could explore whether and which determinants are 
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indispensable to achieve organizational flexibility in different environmental 
settings, and in turn affect a firm’s performance. Furthermore, studies may 
explore the weight ratio of different flexibility dimensions corresponding to 
firms’ performance (as highlighted in Section 9.4.1.1). This may in turn lead to 
the development of a single flexibility index for construction firms.  
 
6. This study developed the structural model based on the six key resources 
and capabilities identified from the literature (see Section 3.7) and preliminary 
interviews (see Section 5.3.3.2). Future studies could explore the effect of 
other resources and capabilities (for example, management leadership, 
financial resources, firms’ reputation and firms’ size) on organizational 
flexibility. 
  
7. As mentioned in Section 10.5, there may be a problem of common method 
variance due to the use of the key informant retrospective reporting and 
subjective data approaches in this study. Future studies could adopt the 
following methods to overcome this limitation: (i) the complementary use of 
more objective data; (ii) the use of multiple informants that involves the cross-
checking of reported information; and (iii) the use of the multitrait-multimethod 
matrix technique that involves application of different data collection methods 
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Appendix A – Interview guide questions 
S/No.  Authors Objectives 
1 Please could you briefly describe your 
company background and your personal 
profile? (for example, the number of 
employees, annual turnover and range of 
services offered, your working experience in 
the construction industry and your tenure in 
this firm). 
 It seeks to provide general 
background information for the 
company and interviewee.  
2 What are the significant external and internal 
changes that have affected your company’s 
business operations over the last 10 years?   
3 What are the consequences of these changes 
on your firm’s operation? 
4 What are the causes to these changes? What 
are the environmental factors that caused 
these changes? 
5 Could you please provide the various attempts/ 
strategies adopted by your organization to 





These questions seek to 
explore the range of changes 
that have occurred over the 
years that may not have been 
covered in the literature. They 
form the opening questions 
before going into more specific 
questions of how organizations 
respond flexibly to these 
changes.  
6 Do you agree on the definition of flexibility: “the 
ability of an organization to effectively utilize its 
resources and capabilities to respond or 
readapt, in a timely and reversible manner to 
environmental changes via a continuous 
learning process”  
 
7 Based on the previous question, do you think 
the ability of being flexible is necessary in the 
construction industry? Why? 
 
8 How important do you think that a construction 
firm needs to be flexible in response to the 
environmental changes? What are the driving 
forces? 
 
9 Is the ability of being flexible necessary for 
general contracting business of a construction 
firm?  Or it is only useful in dealing with 




These questions seek to 
extract interviewees’ 
understanding of the term 
‘flexibility’. In addition, it 
gauges the appropriateness of 
the flexibility concept in the 
construction industry. 
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S/No.  Authors Objectives 
10 Does a firm’s flexibility enhance its 
competitiveness (e.g. turnover, winning rate, 
reputation) within the changing business 
environment which it operates? 
 This seeks to examine whether 
interviewees perceive proper 
management of flexibility will 
increase their competitiveness 
in the construction market. 
11 What are the types of flexibility possessed by 
your firm? Or what are the top five flexibility 
types which your firm desires to possess? 
Why? Do you agree with the definitions of the 
flexibility types proposed on the list?  
 
 
12 Which flexibility types does your firm perceive 
as being the most important for the 
construction business operation? Why? 
Slack 
1987 
These questions seek to 
explore the range of flexibility 
types that interviewees 
perceive as practical and 
important. 
13 What are the key determinants (for example, 
human resource, information and process 
technologies and organization structure) that 
will help a construction firm to attain 
organizational flexibility?   
 
14 Please could you kindly describe the 
characteristics of these key determinants? 
 
15 What are the practices or strategies adopted 
by your firm to ensure that these key 
determinants will support the attainment of 
organizational flexibility? 
 
These questions seek to 
identify: (i) the key determinant 
of organizational flexibility and 
(ii) the practices in supporting 
these enablers to achieve 
flexibility 
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Appendix B – List of proposed flexibility types and their definitions 
Code Terms Proposed definitions 
F1 Modification/changeover 
flexibility 
The ability to modify its operational structure without 
major restructuring in the face of environmental changes. 
F2 Financial flexibility The ability to integrate, construct and re-shape those 
financial resources in the face of environmental changes. 
F3 Labour flexibility The ability to change number of workers, tasks and 
responsibilities performed by workers. 
F4 Expansion flexibility The ability to add and expand business capacity as and 
when it is needed without incurring high transition costs 
or major investment. 
F5 Market flexibility  The ability to operate in different market conditions. 
F6 Operation/Routing/ 
Production flexibility 
The ability to adopt a range of alternative routes or 
options in response to environmental changes and 
clients’ needs. 
F7 Volume flexibility The ability to operate efficiently, effectively and 
profitability in response to current market demand. 
F8 Machine flexibility The ability of equipments or machines to perform or 
modify to suit variety of operations without incurring high 
transaction penalties or large charges in performance 
outcomes. 
F9 Material flexibility The ability to make or produce products using alternative 
compositions and dimensions of raw materials. 
F10 Process flexibility  The ability to change procedures and technologies in 
response to changes in clients’ need or the business 
environment.   
F11 Procurement flexibility  The ability to effectively exploit a range of purchasing 
processes or options in response to changes in clients’ 
need and/or the business environment. 
F12 Product /mix/new product 
flexibility  
The ability to effectively provide a range of products and 
services aligned with changes in clients’ needs or the 
business environment. 
F13 Program flexibility   The ability of an organization to upgrade its technological 
system without incurring high transaction penalties. 
F14 Spanning flexibility The ability to integrate different business units (i.e., 
internal functions and external firms) in producing and 
delivering value added products and services for clients. 
F15 Logistic/ Delivery/Material 
handling flexibility  
The ability to effectively respond to changes in the 
delivery schedule due to unpredictable changes in 
clients’ requirements or the business environment. 
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Appendix C – Interview survey structured questionnaire 
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